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Littérature et objectifs : L’infection est la deuxième cause de décès dans la population 
d’hémodialyse après la maladie cardiovasculaire. Cependant, les taux d’infection varient avec 
la facilité. Les variables au niveau de la facilité responsable de cette variation ne sont pas 
connues.   
Méthodes : Une étude rétrospective de cohorte a été faite avec une cohorte de 6,124 patients 
adultes en hémodialyse chronique et 21 facilités d’hémodialyse participantes. Nous avons 
utilisé les données liées de la RAMQ et Med-Echo. Les patients ont été suivis du premier 
janvier 2007 au 31 mars 2013. Les patients recevant une greffe de rein, les patients recevant la 
dialyse péritonéale et les patients recevant l’hémodialyse à la maison ont été exclus de l’étude. 
Les variables au niveau de la facilité ont été obtenues par les mesures directes ou en 
s’entretenant avec le personnel dans les facilités participantes. Les variables au niveau de la 
facilité mesurées dans cette étude incluent : ratio patient-infirmier, distance moyenne de la 
station de dialyse à la station de lavage des mains ou au distributeur de produits à base d'alcool 
(DPBA) le plus proche, le ratio de la station de lavage des mains et le ratio du distributeur de 
produits à base d'alcool. Les associations entre ces variables au niveau de la facilité et les 
hospitalisations liées à l'infection (HLI) ont été estimés avec des modèles Cox à effets mixtes 
et courbes de Kaplan-Meier. 
Résultats : Un ratio patient-infirmier de ≥4 (HR = 0.72, 95% CI = 0.55-0.95) et un ratio du 
DPBA de ≥1.5 (HR = 0.76, 95% CI = 0.60-0.95) ont été associés à un risque diminué des HLI. 
Une distance moyenne de la station de dialyse à la station de lavage des mains le plus proche 
de <4.75m (HR = 1.30, 95% CI = 1.03-1.64) et un ratio de la station de lavage des mains de 
<3.15 (HR = 1.38, 95% CI = 1.08-1.76) ont été associés à une augmentation de risque des 
HLI. Il n’a pas eu une association entre la distance moyenne de la station de dialyse au DPBA 
le plus proche à les HLI. Cependant, ces associations peuvent disparaitre en fonction de 
l'analyse de sensibilité effectuée.  
Conclusion : La relation entre les HLI et les variables au niveau de la facilité analysée dans 
cette étude n’est pas clair.  
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Background and Objectives: Infection is the second most common cause of death in the 
hemodialysis population after cardiovascular disease. However, infection rates tend to vary 
depending on the dialysis facility. The facility-level variables responsible for this variation are 
unknown. 
Methods: A retrospective cohort study was conducted with a cohort of 6,124 adult chronic 
hemodialysis patients in 21 participating dialysis facilities using linked data from two 
administrative databases (RAMQ and Med-Echo). Patients were followed from January 1, 
2007 to March 31, 2013. Kidney transplant recipients, peritoneal dialysis patients and home 
hemodialysis patients were excluded. Facility-level variables were obtained by direct 
measurement or by interviewing the staff at participating facilities. Facility-level variables 
measured in this study include: patient to nurse ratio, mean distance of dialysis station to hand-
washing station or alcohol-based hand rub dispenser (ABHRD), hand-washing station ratio 
and ABHRD ratio. The association between these facility-level variables and infection-related 
hospitalizations (IRH) was estimated using mixed effects Cox models and Kaplan-Meier 
curves. 
Results: A patient to nurse ratio of ≥4 (HR = 0.72, 95% CI = 0.55-0.95) and an ABHRD ratio 
of ≥1.5 (HR = 0.76, 95% CI = 0.60-0.95) were associated with a significantly reduced risk of 
IRH. A mean distance from the dialysis station to the nearest washing station of <4.75 m (HR 
= 1.30, 95% CI = 1.03-1.64) and a hand-washing station ratio of <3.15 (HR = 1.38, 95% CI = 
1.08-1.76) were associated with a significantly increased risk of IRH. There was no 
association between mean distance of dialysis station to ABHRD and risk of IRH. However, 
these associations disappeared depending on the sensitivity analysis done.    
Conclusion: The association between IRH and the facility-level variables analyzed in this 
study is unclear. 
Keywords: hemodialysis, chronic hemodialysis, infection, IRH, hand-washing station, sink, 
alcohol-based hand rub dispenser, ABHRD 
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The kidneys are a pair of bean-shaped organs whose primary function is to filter solutes, 
excess water and nitrogen wastes from the blood. They are also responsible for maintaining 
electrolyte balance and producing erythropoietin (which is responsible for red blood cell 
maturation in the bone marrow), renin (which regulates blood pressure via the renin-
angiotensin system) and calcitriol (an activated form of vitamin D). 
Chronic kidney disease (CKD) is characterized by a progressive and irreversible decline in 
kidney function. Over time, as the kidneys slowly fail, CKD results in increased 
concentrations of urea, creatinine and other metabolites in blood plasma as the kidneys are 
unable to filter them into urine. This results in uremia and many biochemical and hormonal 
abnormalities.1 Over time, CKD may progress to ESRD (end stage renal disease), the last 
stage of kidney failure.  
The kidney has many functions, and the loss of function manifests in many ways. Almost 
every organ system is affected by kidney failure, including the nervous system, endocrine 
system, hematologic system, cardiovascular system, gastrointestinal system, peripheral 
vascular system and the skeletal system. The loss of renin production and fluid retention 
results in increased blood pressure and hypertension. The loss of erythropoietin production 
reduces red blood cell production, which makes ESRD patients prone to anemia. The loss of 
calcitriol results in decreased calcium absorption. The loss of kidney function results in 
retention of phosphorus and potassium, as the kidneys normally excrete the excess.1 
Complications are numerous. Chronic kidney disease-mineral bone disease (CKD-MBD). 
CKD-MBD is a systemic disorder of bone and mineral metabolism characterized by 
abnormalities in calcium, phosphorus and parathyroid hormone metabolism, disturbances in 
bone remodeling and mineralization and vascular calcification.2-4 Cardiovascular disease is a 
major complication of CKD and ESRD, and many patients suffer from accelerated 
atherosclerosis.5 Hypertension is both a cause and complication of ESRD, and is associated 
with an increased risk of coronary artery disease, stroke and congestive heart failure.1 Another 
well-known complication is dyslipidemia (another well-known risk factor for cardiovascular 




End Stage Renal Disease 
Definition 
ESRD is the last stage of kidney failure and is irreversible. It has multiple causes, the most 
common being diabetes. Other frequent causes include hypertension, glomerulonephritis and 
cystic kidney disease.1 While some residual kidney function may remain, the kidneys are no 
longer able to function sufficiently to support life.  
These patients must turn to renal replacement therapy to survive. Given the scarcity of kidney 
transplants, most will require dialysis (either hemodialysis or peritoneal dialysis). However, 
while dialysis allows ESRD patients to survive, it cannot replicate all of the functions of the 
kidney and is no cure for ESRD. They are still at high risk for cardiovascular diseases, 
infection and hospitalization,8 and have a poor five-year survival rate of around 44.3%.9 
Epidemiology 
One study estimated the prevalence of CKD in Canada at 3 million during 2007-2009 (12.5%). 
10 The Canadian Organ Replacement Register (CORR) estimates that more than 37,000 
patients suffer from ESRD, and of these, nearly 22,000 are on dialysis and more than 15,000 
are living with a functional kidney transplant. 5,597 patients initiated renal replacement 
therapy in 2016, with 75% receiving hemodialysis at the start of their treatment. Diabetes is 
still the most common cause of ESRD, identified in approximately 38% of new ESRD cases in 
2016.9   
Renal Replacement Therapies 
Hemodialysis 
Hemodialysis uses a semi-permeable membrane to remove solutes by diffusion and (to a lesser 
extent) by convection. While diffusion is driven by the transmembrane concentration gradient, 
convection is driven by the transmembrane hydrostatic pressure. The pore size is small to 
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allow undesirable solutes (such as urea) to pass across the membrane, while preventing 
desirable, larger molecules from being lost during hemodialysis. Separation of solutes by size 
is a major function of the kidney, and dialyzers are designed to mimic that function. However, 
while kidneys reabsorb precious small molecules in the renal tubules, the dialyzer has no 
mechanisms to do the same. Fortunately, most of these small solutes are abundant and are 
relatively inexpensive to add to the dialysate solution to prevent their loss due to diffusion. It 
is interesting to note that the native kidneys are capable of clearing small solutes at a far 
greater rate than what it is required to sustain life. It helps explain why modern intermittent 
hemodialysis, despite its limited ability to clear solutes in comparison to native kidneys, is 
able to prolong the lives of dialysis patients.1 
Hemodialysis can be done at a hospital where most of the work is taken care of by medical 
staff or at home with or without a caregiver.11 Either way, patients will require erythropoietin 
to prevent anemia and calcitriol or its analogs to prevent or ameliorate CKD-MBD.1 Iron may 
also be given to treat anemia and reduce the dose of erythropoietin.12 However, it is unclear if 
iron use is associated with an increased risk of infection, as iron is essential for bacterial 
growth.13 
Dialysis patients are also restricted in terms of diet.11 For example, hemodialysis patients must 
limit the fluids, phosphorous, potassium and sodium they consume.1, 14, 15 An excess of 
phosphorous can lead to hyperphosphatemia, which is associated with complications such as 
secondary hyperparathyroidism, arterial calcification and renal osteodystrophy. Sodium intake 
is limited in an effort to control hypertension and to avoid excessive thirst and fluid 
consumption.14 Fluid intake is limited in the cases where dialysis cannot remove all of the 
excess fluid accumulated between dialysis sessions.1, 15 Potassium intake is limited to avoid 
hyperkalemia, which is associated with arrhythmias and a multitude of heart problems. In the 
kidney, hyperkalemia reduces NH4
+ excretion, leading to metabolic acidosis.1 
Vascular Access 
Hemodialysis is the most common form of renal replacement therapy8, 9 and is done using a 
dialyzer machine. Hemodialysis requires vascular access in the form of a catheter, an 
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arteriovenous fistula or an arteriovenous graft to work, as it requires blood flow from the 
patient to the dialyzer and back.  
Arteriovenous Fistula 
The preferred type of vascular access is the arteriovenous fistula (AVF),16-18 which is created 
by connecting a vein to an artery. Both vessels must be in close proximity and must be of 
sufficient size for the procedure to be successful.1 The procedure allows some arterial blood to 
flow into the vein, strengthening it over time and allowing it to grow larger and thicker. This 
‘maturation’ process takes one to three months to occur before the fistula can be used for 
hemodialysis. Once the fistula is mature, it will provide easy access for hemodialysis as the 
vein will be strong enough to be punctured repeatedly.19 AVFs are the preferred vascular 
access type as they tend to last the longest, are less prone to infections and suffer less 
complications.17, 18, 20 
Arteriovenous Graft 
The second preferred type of vascular access is the arteriovenous graft (AVG).21 It is often 
performed on patients whose blood vessels are unsuitable for the creation of AVFs. While an 
AVF is created using native blood vessels which are close to each other, an AVG is created 
using a prosthetic graft by connecting two blood vessels which are farther apart.1, 17 AVGs 
usually require about 2-3 weeks to mature after the surgery is complete. If well-maintained, 
the graft can last for several years.22 While AVGs tend to fail sooner than AVFs, are more 
prone to infection and suffer more complications (such as stenosis and thrombosis),17 they are 
still associated with lower mortality rates than the last form of venous access: central venous 
catheters.23-25  
Central Venous Catheters 
Central venous catheters (CVCs) are plastic tubes inserted into a large vein, preferably the 
internal jugular vein, the femoral vein or the subclavian vein. CVCs do not require time to 
mature and can be inserted immediately.17 However, it is well documented that they are even 
more prone to infection23-27 and are associated with a greater risk of infection-related and all-
cause mortality compared to AVFs and AVGs.23, 24, 26, 28, 29 CVCs are also at high risk for 
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complications (such as thrombosis) and are less efficient than AVFs and AVGs at clearing 
solutes from the blood. Non-tunnelled and non-cuffed CVCs are often used in acute renal 
failure patients and (temporarily) in patients whose AVFs and AVGs fail. Tunnelled and 
cuffed CVCs are used by patients undergoing chronic dialysis.17   
Prevalence of Vascular Access 
In 2014, 80.3% of incident ESRD patients in the United States initiated hemodialysis with a 
CVC. However, fistula use increases over time, to the point where 44.3% of hemodialysis 
patients use an AVF after 12 months and only 13.6% sill dialyze using only a catheter.30 In 
Quebec, tunneled catheters are still the most commonly used form of venous access for 
hemodialysis (58.3%), followed by AVFs (37.1%) and AVGs (3.6%).31 
Peritoneal Dialysis 
The second treatment for ESRD is peritoneal dialysis. The peritoneum is a thin, semi-
permeable membrane that covers most of the abdominal wall and intra-abdominal organs. 
While hemodialysis relies on the dialyzer to provide a semi-permeable membrane to remove 
solutes from the blood, peritoneal dialysis uses the peritoneum as the dialysis membrane. 
Much like hemodialysis, solute transport occurs through both diffusion and convection.1 
Peritoneal dialysis is done by transferring the dialysate fluid into the peritoneal cavity, waiting 
for a period of time for solutes to filter into the dialysis fluid (the ‘dwell’ period), then 
draining the waste-filled dialysate fluid and replacing it with fresh dialysate fluid. The dwell 
times can vary depending on the patient and the type of peritoneal dialysis received. Peritoneal 
dialysis can be done multiple times during the day or overnight. It can be done at work or at 
home, allowing patients more freedom.11 
Peritoneal dialysis requires a catheter in order to transfer the dialysate fluid in and out of the 
peritoneal cavity. Possible complications include peritonitis (inflammation of the peritoneum) 
and catheter-related infection.1 Much like hemodialysis patients, peritoneal dialysis patients 
are also limited in terms of diet (in terms of calories, salt and phosphorus).11 Both 
hemodialysis and peritoneal dialysis are also prone to malnutrition and ‘protein energy 
wasting,’ a state where patients have reduced body protein and energy fuel. Malnutrition and 
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protein energy wasting are associated with increased morbidity and mortality as well as 
impaired quality of life.14 
Kidney Transplantation 
The most optimal form of kidney replacement therapy is kidney transplantation. 
Unfortunately, demand far outstrips supply, and patients may spend a considerable amount of 
time on the waiting list before a kidney becomes available. Once the transplant surgery is 
complete, the kidney transplant recipient must take immunosuppressants for as long as the 
graft functions to prevent their immune system from rejecting it.11 However, kidney transplant 
recipients no longer require dialysis. They have more freedom to go about their daily lives, 
less dietary restrictions and a better survival rate. However, due to immunosuppression, 
infection remains a common complication of kidney transplantation.1 
Implications for this Study 
While there are multiple treatments available for ESRD, this research project only involves 
hemodialysis patients. Peritoneal dialysis patients are not included as peritoneal dialysis is 
done at home or work. They do not need to return to the dialysis unit regularly like 
hemodialysis patients. Home hemodialysis patients and kidney transplant recipients are also 




Infections in Hemodialysis Patients 
Normal Function of the Immune System 
The normal response to infection (and vaccines) involves activating both innate and adaptive 
immunity, allowing the immune system to recognize that particular antigen and mount a 
stronger and more effective response when it encounters it again. This requires the innate 
immune system to recognize the pathogen’s antigens as foreign, the activation of dendritic 
cells and their migration to lymph nodes where they can present the antigen to naive T cells 
and B cells.  
While T cells recognize the antigen in a processed form on the MHC class I or class II 
molecules, B cells can recognize the antigens in their native form. B cells that recognize the 
antigen they have an affinity with can then be activated by both T cells and dendritic cells, 
activating the humoral immune response.32 B cells are responsible for producing antibodies as 
part of the humoral immune response. Upon exposure to an antigen, they either differentiate 
into plasma cells (which secrete antibodies) and memory B cells (which persist indefinitely 
and recognize that particular antigen).33 
Naive T cells will differentiate into effector and memory T cells after successful activation by 
an antigen presenting cell, activating the cell-mediated immune response. Effector T cells 
either regulate the immune response via secretion of cytokines (as CD4+ helper cells) or 
destroy target cells (as CD8+ cytotoxic cells). After the infection has passed, a small minority 
will remain as memory T cells, allowing a far stronger and faster response if the same antigen 
is encountered again.  
Immune Dysfunction in ESRD 
In addition to all of the metabolic abnormalities and complications mentioned above, both 
CKD and ESRD patients suffer from uremia, a condition defined as the presence of organic 
waste solutes in the blood that are normally removed by the kidney.34 These solutes include 
urea, some peptides and proteins, guanidines, phenols, indoles and aliphatic amines.1 While 
little is known about which ones are toxic, uremia has an undeniable effect on the health of the 
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patient.34 Uremic toxins are also associated with significant morbidity and mortality and play a 
role in the progression of cardiovascular disease in CKD and ESRD patients.35 Manifestations 
of uremia include encephalopathy, cognitive impairment, peripheral neuropathy,36, 37 loss of 
appetite,38 sleep disturbances,36 cardiomyopathy39 and an impaired immune response.33, 40-42  
Uremia in ESRD patients is associated with both immune activation as well as immune 
deficiency.42 Systemic and chronic inflammation contributes to cardiovascular disease, 
atherosclerosis, cachexia and anemia suffered by ESRD patients.43 The uremic environment in 
ESRD patients is one of systemic inflammation and oxidative stress.33 Monocytes, 
macrophages and granulocytes are activated in the innate immune response, resulting in the 
production of cytokines and reactive oxygen species.44, 45 Regulatory T cells, which are 
normally responsible for suppressing inflammation, have impaired inhibitory activity.46 
Despite the activation of monocytes and polymorphonuclear leukocytes, their ability to 
phagocytose pathogens is impaired in uremic conditions.47, 48 It has been said that uremia 
causes premature aging of the immune system, as the immune systems of younger dialysis 
patients are similar to those of healthy, elderly individuals.49, 50  
ESRD results in dendritic cell depletion and dysfunction.51-53 As dendritic cells are one of the 
most important antigen-presenting cells and responsible for regulating adaptive and innate 
immunity, this diminishes their ability to present antigens to T cells and B cells and thus 
activate adaptive immunity.33 Monocytes also have reduced expression of co-stimulatory 
molecules required for T cell activation, resulting in defects in antigen presentation.42 Naive T 
cells and central memory cells are also depleted in uremic conditions, reducing the 
effectiveness of cell mediated immunity.54-57 B cell numbers are also depleted due to 
apoptosis58 and impaired maturation,59 reducing the effectiveness of humoral immunity. All of 
these impairments contribute to the immunodeficiency experienced by ESRD patients, 
resulting in a reduced response to vaccines, higher incidence and severity of infections and 
poorer outcomes when compared to the general population.33  
Epidemiology 
Dialysis patients have a poor five-year survival rate of around 44.3%,9 which is significantly 
worse than that of patients hospitalized with myocardial infarction (more than 70%)60 or 
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diagnosed with colorectal cancer (64%).61 Age and primary diagnosis have a considerable 
effect on survival. Younger patients have a higher five-year survival rate than elderly ones. 
The poorest survival rates are seen in patients with a primary diagnosis of renal vascular 
disease (38%), drug-induced renal failure (41%) and diabetes (48%). Patients with polycystic 
kidney disease and glomerulonephritis have the highest survival rates, at 76% and 66% 
respectively.62  
In the United States, hemodialysis patients have an infection-related hospitalization (IRH) rate 
of 0.47 per patient-year. Older patients and those with diabetes as the primary cause of renal 
failure tend to have the highest rates of hospitalization. Peritoneal dialysis patients have the 
highest rate of admission for any infection at 573 per 1,000 patient years, while hemodialysis 
patients have the highest rate of admission for bacteremia/sepsis, at 108 per 1,000 patient 
years in 2009.63  
In 2016-2017, the rate of bacteremia was 0.22 per 100 patient years in Quebec. The incidence 
of vascular access-related bloodstream infections was 32.7 times higher in patients using non-
tunnelled catheters and 8.3 times higher in patients using tunneled catheters compared to the 
patients using a fistula without the buttonhole technique.31 Another major risk factor for 
bacteremia is a history of previous bacteremia.64-66  
Given that the skin microbiome consists mostly of gram-positive bacteria,67 it is not surprising 
that most access-related infections are caused by gram-positive cocci. Staphylococcus aureus 
is the most common bacterial species31, 64, 68-72 isolated in access-related infections, although 
the exact proportions vary depending on the location. For example, in Quebec, Staphylococcus 
aureus is found in 65% of isolates, followed by coagulase negative staphylococci (12%) and 
enterobacteria (12%).31 S. aureus is the pathogen associated with the worst outcomes, the 
highest costs and the highest risk of complications.72-75 In Quebec, S. aureus is the most 
common microorganism isolated in vascular access-related bloodstream infections resulting in 
death (44% of cases).31 The morbidity and mortality associated with access-related infections 
is even higher if multi-resistant microorganisms are isolated, such as MRSA (methicillin 




There are various ways to prevent or treat infections affecting dialysis patients. Prevention is 
key, given the costs and risks of complications associated with infection in this vulnerable 
population. Dialysis patients have impaired immune systems, and their immunodeficiency is 
worsened by factors such as low dialyzer biocompatibility, diabetes and administration of 
immunosuppressive medication. Dialysis catheters also disrupt the normal skin barrier, 
allowing bacteria easier access to the bloodstream.77  
Increasing the Use of Arteriovenous Fistulas 
Patients using CVCs are at the greatest risk of ARBs (access-related bacteremia), while AVF 
users have the lowest risk of infection.27 Thus, one way to prevent ARBs is to minimize the 
number of patients using CVCs, and various programs (such HP2020 and the Fistula First 
Initiative) continue to work to promote the use of AVFs.18, 30 
Hand Hygiene 
Adhering to a rigorous hygiene procedure is also important in preventing the spread of 
infection, either by using alcohol-based rubs or soap and water. Hand hygiene should be 
performed before and after manipulating the catheter. Sterile gloves should be worn for 
inserting new catheters.78 Multiple studies have shown that increasing hand hygiene 
compliance among health care workers is associated with reduced transmission of MRSA and 
nosocomial infections.79-82 
Vaccines 
Due to the immunodeficiency associated with uremia, ESRD patients do not respond as well 
to vaccines as healthy people. This results in a lower seroconversion rate, lower peak antibody 
titers and faster decline in protective antibody levels.83, 84 As such, they may require higher or 
more frequent vaccine doses to reinforce their immunity.85 Vaccinating patients in the earlier 
stages of CKD before they become dependant on dialysis results in a better immune 
response.84 The hepatitis B vaccines, pneumococcal polysaccharide vaccine, the annual 
influenza vaccine, the tetanus-diphtheria toxoids and the varicella vaccine are all 
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recommended to adult dialysis patients.85, 86 Live vaccines are avoided in dialysis patients (and 
other immunocompromised) patients due to the risk of vaccine-induced infections.87  
However, there is currently no recommendation to vaccinate hemodialysis patients against 
Staphylococcus aureus, one of the major causes of nosocomial infections. Despite the 
morbidity and mortality associated with S. aureus, there is currently no vaccine available for 
clinical use.85 One study found a significantly reduced response to the S. aureus Type 5 CP-
EPA conjugate vaccine in ESRD patients compared with healthy controls. Protective antibody 
levels were only maintained for six months in ESRD patients.88 Another study also 
demonstrated that while the StaphVAX vaccine was well tolerated, it only provided partial 
protection in ESRD patients that lasted for ~40 weeks.89 Another study tested a higher dose of 
the same vaccine (StaphVAX, by Nabi Biopharmaceutical). It was well tolerated and provided 
partial protection against S. aureus bacteremia for 40 weeks. After 50 weeks, the reduction of 
S. aureus bacteremia of the vaccinated group compared to the placebo was no longer 
statistically significant.90 Unfortunately, StaphVAX failed in a phase III clinical trial, and 
development was discontinued.77, 91 
Eradicating S. aureus nasal carriage 
It is known that S. aureus is part of the normal flora of the skin and nose, and most often 
colonizes the nose.67 S. aureus nasal carriage in the nose is a major risk factor for S. aureus 
infection as the bacteria living in the nose acts as a reservoir.72, 92-94 Thus, the bacteria are 
passed from the nose to the hands, and then from the hands to the skin, where they may infect 
the patient’s graft or catheter.72, 95 Entry to blood (in hemodialysis patients) or peritoneum (in 
peritoneal dialysis patients) may be due to contamination when handling the catheter or by the 
bacteria entering the catheter tunnel from the exit site.72  
It has been shown that people who carry S. aureus in their nose often carry it on their hands as 
well,95, 96 and S. aureus infections among nasal carriers are often caused by the same strain of 
bacteria that inhabits their nose.92 Dialysis patients are known to carry S. aureus more 
frequently than in the general population, with rates varying between 45% and 62% in 
different centres.97-99 S. aureus nasal carriage in the general population varies depending on 
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the country, being estimated at 18%100-24%101 in the Netherlands, 37.1% in Mexico102 and 
28.6% in the United States.103  
Mupirocin has been shown to be effective at reducing or eliminating S. aureus nasal and hand 
carriage, thus reducing the incidence of catheter-related in infections.104-108 However, it must 
be administered long-term. Once treatment is stopped, S. aureus will recolonize a high 
proportion both patients and staff after several months.92, 108  
Topical Antimicrobials 
In addition to its use in eliminating S. aureus nasal and hand carriage, topical mupirocin has 
also been shown to be effective at reducing catheter-related bacteremias and prolonging 
catheter survival.109 While resistance to mupirocin was not initially observed during the time 
of these studies,107, 109 there have recently been reports of the emergence of new staphylococci 
strains that are resistant to mupirocin.110-114 Other topical agents that have been shown to be 
effective in preventing infections include polysporin ointment115 and Medihoney.116 
Oral antibiotics 
Oral rifampin is also effective prophylaxis against S. aureus infection,93, 117 but is associated 
with unacceptable side effects in 12% of patients, mostly due to severe nausea and vomiting 
after the first course of therapy.117 Rifampin also has other disadvantages such as 
gastrointestinal intolerance, drug interactions and allergic reactions.72 Transient resistance has 
also been found in patients treated with rifampin.93  
Antibiotic Lock 
The antibiotic lock protocol is done by filling the catheter lumen with very high concentrations 
of antibiotics and leaving it there for hours or days.118 This is based on the fact that most 
infections in long-term catheters originate in the catheter hub before spreading to the catheter 
lumen.119 Antibiotic locks have been shown to be an effective prophylaxis against catheter-
related infections.120 Several studies have compared an antibiotic lock solution with the 
standard heparin-lock solution. All have reported a reduced incidence of catheter related 
infections in the antibiotic lock group compared with the heparin group.121-129 Antibiotic or 
antimicrobial solutions used in these studies include citrate-taurolidine,121, 129 gentamicin-
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citrate,122, 127, 128 cefazolin-gentamicin-heparin,126 minocycline-EDTA,127 cefotaxime-
heparin,124 30% trisodium citrate125 and gentamicin-heparin.123 
Treatment 
Empiric Antibiotic Therapy 
In the case where a catheter-related bacteremia is suspected, empiric antibiotic therapy should 
be initiated immediately regardless of whether the pathogen has been identified from blood 
cultures. Given that either gram-positive or gram negative bacteria can cause bacteremia, 
empiric therapy must be effective against both.130 Thus, the empiric initial regiment for 
treating catheter-related bacteremias should include vancomycin (effective against gram 
positive bacteria) and an aminoglycoside such as gentamycin or a third generation 
cephalosporin (effective against gram negative bacteria).131-133 Once the pathogen and the 
antibiotics it is sensitive to are identified, it is important to switch to the most narrow spectrum 
antibiotic that is feasible. This is done to limit the development of antibiotic resistance.133 
Biofilms 
If catheters are colonized by pathogenic bacteria, those bacteria will form a biofilm on the 
outer surface of the catheter or the catheter lumen.134, 135 Biofilm formation is a step-wise 
process that starts when free-floating planktonic cells attach to the surface and form 
microcolonies.134 Up until this point, the biofilm formation is considered reversible. However, 
once bacterial communication begins (called ‘quorum-sensing’), the bacteria will begin to 
organize themselves into a biofilm. They eventually start the production and secretion of 
exopolysaccharides, after which biofilm formation becomes irreversible.134, 136 Over time, the 
biofilm matures, growing in size. Once mature, and if they sense adverse conditions, the 
bacteria will disperse in planktonic form and colonize a new site.134 In the case of patients 
with CVCs, this dispersion results in bacteremia as the catheter allows the bacteria easy access 
to the bloodstream.135, 137, 138  
Treatment of biofilms is difficult as bacteria within a biofilm can tolerate high concentrations 
of antibiotics and are adept at evading host defenses, including phagocytosis.137, 139, 140 This is 
different from antibiotic resistance, as the bacteria may be susceptible to antibiotics in 
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planktonic form, but they are protected when residing within a biofilm.137, 139-141 If the biofilm 
is disrupted, the bacteria within will once again become sensitive to antibiotics.137 Antibiotics 
may have delayed and/or reduced penetration in biofilms, and the biofilm’s microenvironment 
may inhibit antibiotic activity, as some antibiotics are less effective in anaerobic or low pH 
environments.139  
Persister cells are a tiny minority of cells that often survive antibiotic therapy. Once antibiotic 
treatment is stopped, they will become active, repopulate the biofilm and eventually cause 
another infection.139 They are believed to be the result of a phenotypic switch, as many of the 
bacteria regrown from them remain sensitive to the antibiotic.142 While it has been shown that 
E. coli persisters are non-growing prior to antibiotic exposure,142 they may not necessarily be 
dormant. Persisters have very different gene expression profiles compared to both growing 
and non-growing cells. It has been proposed that instead of preventing an antibiotic from 
binding to its target (as is the case with antibiotic resistant cells), persisters block the essential 
targets of antibiotics, resulting in a partially dormant, multidrug tolerant cell.143   
Treatment and Prevention of Biofilms 
The most efficient way to treat chronic infections caused by biofilms is to remove the 
catheter,137-140 especially in the case of a tunnel infection.144 However, successful treatment 
without removing the catheter (‘catheter salvage’) is possible in some cases. However, success 
rates tend to vary.64, 145 If the infection is restricted to the exit site, catheter removal may not 
be necessary; they can be salvaged with topical and oral antibiotics.146, 147 
Various means of treating or preventing the development of biofilms have been proposed, 
including using materials that inhibit bacterial adhesion,148-151 inhibition of bacterial 
adhesions152 and their receptors,153 using lactoferrin (an iron chelator) to inhibit adhesion,154 
vaccination against bacterial biofilm antigens155 and use of non-pathogenic bacteria to prevent 
colonization.156-158 Other proposed treatments against already formed biofilms include phage 
therapy,159, 160 inducing dispersal of the biofilm161 and use of adjuvants to increase antibiotic 
activity against persisters.162-164 Potential adjuvants have been found in marine sponges, which 




Antibiotic Lock and Systemic Antibiotics 
CRBs are usually treated with systemic antibiotics and removal of the infected catheter, but 
some studies have shown that using an antibiotic lock to eliminate biofilm in combination with 
systemic antibiotics can result in catheter salvage about 65-70% of the time.165-167 Those same 
studies also show that the antibiotic lock protocol’s success depends on the pathogen involved, 
with gram negative bacteria having the highest cure rate and S. aureus having the lowest cure 
rate.130    
Antibiotic Resistance 
While the effectiveness of antibiotics in the treatment or prevention of infections in dialysis 
patients is supported by the literature, there are concerns of antibiotic resistance with long-
term use.93, 108, 113, 114, 168, 169 These concerns are not unjustified; S. aureus and other bacteria 
have a long history of developing resistance to the antibiotics used against them.  
Before 1946, 85% of S. aureus strains were susceptible to penicillin. Resistance became 
evident only a few years after penicillin’s introduction, and now only 11% of strains are still 
susceptible to penicillin.170 Methicillin was a penicillin derivative developed to circumvent 
penicillin resistance, but before long, reports emerged of methicillin resistant strains.171-177 
Gentamicin resistance has also been documented among gram-positive bacteria,176-179 while 
gram-negative bacteria have become resistant to aminoglycosides.180-183  
Vancomycin 
Vancomycin is the antibiotic of choice in treating MRSA184, 185 and is frequently used in 
treating or preventing MRSA in dialysis patients.185-188 Guidelines have been made that 
recommend restricting the use of vancomycin in an effort to prevent the emergence or spread 
of resistance.118 However, the cycle has repeated itself once again, and there have been 
numerous reports of vancomycin resistance emerging in S. aureus,184, 189-191 coagulase-
negative staphylococci184, 192, 193 and enterococci.194-199 The increasing prevalence of 
vancomycin intermediate S. aureus (VISA) strains worldwide is worrying, as VISA arises 
from fully susceptible isolates and is associated with glycopeptide treatment failure.200 Despite 
widespread use of vancomycin, fully resistant strains of MRSA are mercifully rare.201 Their 
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limited spread is likely due to a restriction modification system limiting the uptake of foreign 
DNA 202 and  the fitness cost associated with vancomycin resistance.203  
Controlling the Spread of Antibiotic Resistance 
It has been suggested that the emergence and spread of these antibiotic resistant pathogens is 
promoted by poor infection control techniques and selective pressure due to liberal use of 
antibiotics.199 Various recommendations have been made to control the spread of vancomycin 
resistant enterococci, including limiting the use of vancomycin, routinely testing isolates for 
vancomycin resistance and initiating isolation precautions to prevent the spread of enterococci 
between patients. These isolation precautions include isolating patients with vancomycin 
resistant enterococci, wearing gloves and gowns before entering these isolation rooms, 
removing them before leaving the room and immediately washing hands with an antiseptic 
agent.204 Educating healthcare workers and patients and their families, environmental 
decontamination and adherence to hand hygiene is also important for any infection control 
program.205 
Knowledge Gaps 
It is notable that ARB rates still vary by facility despite similar proportions of catheter use. 
This suggests that other factors may influence ARB rates.27, 206-209 There are relatively few 
studies that aim to determine risk factors for IRH, and those that are available focus on patient 
level risk factors.25, 209-212 
Facility level risk factors are at least as important as patient-level risk factors. Modifying 
facility level risk factors may prevent infections in hemodialysis patients and perhaps affect a 
larger subset of the population at once. Each facility varies in the care it provides to its 
patients, and those variations may lead to different outcomes in terms of morbidity and 
morbidity in the dialysis population. There are many ways in which these dialysis facilities 
differ but this study will focus on hand hygiene, one of the cornerstones of nosocomial 
infection prevention. 
There is also a lack of studies studying the effects of hand hygiene and nurse staffing (in this 
case, patient to nurse ratio) in the hemodialysis patient population. Many studies related to 
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hand hygiene focus on their effects on infection rates213-217 or improving compliance79, 80, 216, 
218-222 in the general hospital milieu, the surgical ward or the intensive care unit. Studies 
related to nurse staffing usually focus on the Intensive Care Unit (ICU).223-225 the Neonatal 
Intensive Care Unit (NICU)226 or the hospital in general.227 
Preface of Articles 1 and 2 
The purpose of this study is to elucidate the relationship between various facility-level 
variables and the incidence of IRH. It is a retrospective cohort study involving incident and 
prevalent chronic dialysis patient and linked data from two large government databases: 
RAMQ and Med-Echo. Facility-level variables were collected by direct measurement or by 
interviewing the staff. 
The first article will focus on the association between patient to nurse ratio and IRH rates. The 
hypothesis is that a higher patient to nurse ratio results in a higher nurse workload, reducing 
hand hygiene adherence and resulting in a higher incidence of IRHs.   
The second article will focus on the association between various facility-level variables and 
IRH rates. These facility level variables include the hand-washing station ratio, ABHRD 
(alcohol-based hand rub dispenser) ratio and mean distance of dialysis to nearest hand-
washing station/ABHRD. The hypothesis is that if these hand-washing stations and ABHRDs 
are less numerous or less accessible, it would reduce hand hygiene adherence and result in a 
higher incidence of IRHs.   
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Article 1: Association between Patient to Nurse Ratio and 
Infection-Related Hospitalizations in Hemodialysis Patients  
Elaine Mong-Slezak,1 Émilie René,1 Naoual Elftouh,1 Jean-Philippe Lafrance1, 2, 3 
1 Maisonneuve-Rosemont Hospital Research Center, Montreal, Canada 
2 Department of Pharmacology and Physiology, University of Montreal, Montreal, Canada 





The largest segment of the healthcare workforce in both the United States228 and Canada229 
consists of nurses. They provide bedside care and are essential in preventing and controlling 
healthcare associated infections.230 Unfortunately, the nursing profession faces many problems 
that impact the care nurses are able to provide. There is a nursing shortage in both the United 
States231-233 and Canada,229, 233 resulting from too few graduating nurses and many nurses 
leaving the profession due to stress, poor working conditions and poor morale.229 Nurses also 
experience high levels of burnout and job dissatisfaction, likely contributing to their desire to 
leave their profession.233 
A higher patient to nurse ratio (or lower nurse to patient ratio) is a measure of nurse workload 
and is a proxy for decreased compliance to aseptic protocol. A higher patient to nurse ratio has 
been associated with higher odds of burnout and job dissatisfaction,231 as well as higher risk of 
infection and complications in intensive care.224, 234-238 Higher nurse staffing and higher 
workloads are also associated with higher mortality in the intensive care unit, but not in the 
rest of the hospital. This is likely due to the effects of nurse surveillance.225 Methicillin 
resistant Staphylococcus aureus (MRSA) infections have been temporally associated with 
periods of understaffing and less attention to aseptic protocol.239 Multiple studies have also 
observed that infection rates decline as hand hygiene compliance increases.79, 81, 82, 240, 241 
The purpose of this study is to find out if there is an association between a higher patient to 
nurse ratio and higher rates of infection-related hospitalisation (IRH) in chronic hemodialysis 
patients. While multiple similar studies have been done in intensive care wards and surgical 
wards, none have been done in the hemodialysis population.  
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Patients and Methods 
Study Design  
This was a retrospective cohort study of incident and prevalent chronic dialysis patients. 
Patient-related data was extracted from the RAMQ and Med-Echo databases described below. 
Database linkage was done by RAMQ. The data on the facilities’ patient to nurse ratio was 
collected from the 21 participating dialysis facilities by interviewing the staff.  
Databases 
Régie de l’assurance maladie du Québec (RAMQ) 
The RAMQ provides free healthcare insurance for all Quebec residents. It is notable for 
covering all dialysis treatments and transplant surgeries, except for military personnel and 
First Nations. The RAMQ database contains registration files of the people it insures, which 
includes demographic information, information on pharmaceutical services (drugs and cost of 
drugs dispensed to insured people) and information on medical services provided, diagnosis 
and reimbursements transmitted by professionals to the RAMQ. 
Québec hospital discharge summary database (Med-Echo) 
The Med-Echo database was created in April 1976 and is owned by the Department of Health 
and Social Services. It is currently housed at RAMQ’s facilities and contains clinical and 
administrative data relating to physical and mental health. It includes primary and up to 15 
secondary discharge diagnoses, procedures performed in-hospital, admission and discharge 
dates and in-hospital mortality. Since 2006, Med-Echo uses ICD-10 codes for diagnoses. 
Study Population 
Our cohort included all patients who initiated (incident) or were currently receiving 
hemodialysis treatments (prevalent) between January 1, 2007 and March 31, 2013 at 21 
participating dialysis facilities. All patients must have been at least 18 years of age or older at 
cohort entry, and must have been on chronic hemodialysis (defined as still receiving dialysis 
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after 90 days). The date of cohort entry was January 1, 2007 for prevalent patients and at 
initiation of chronic hemodialysis for incident patients. 
The construction of the cohort was done by identifying all dialysis diagnostics, billings and 
procedures between October 1, 2006 and March 31, 2013 and counting the number of dialysis 
services for each patient. The relevant codes may be found in Table 13 in Appendix I.  
Patients who received a kidney transplant prior to dialysis initiation were excluded by 
identifying all diagnostics, billings and procedures relating to kidney transplants prior to the 
first dialysis code in the study period. Transplant recipients were excluded from this study as 
they experience different types and rates of infections and better survival rates compared to 
hemodialysis patients63 and because they no longer need to return to the dialysis facility 
regularly for dialysis. 
To select patients who were truly on chronic dialysis (and not on acute dialysis), we used an 
algorithm that selects all dialysis codes in a 90-day window for a given dialysis code. Three 
criteria were evaluated to ascertain whether a patient is on chronic hemodialysis and for how 
long: 
1) At least 3 in-center hemodialysis codes between day 75 and 90  
2) Or at least 2 satellite hemodialysis unit supervision codes  
3) Or a 1 satellite hemodialysis unit supervision between day 60 and 90 
This algorithm is applied chronologically on each dialysis code, the first of which is 
considered as the date of entry into the cohort for that particular patient. In Quebec, each in-
center hemodialysis treatment is billed by the attending nephrologist (one code for each 
patient per treatment). For satellite units, each treatment cannot be billed, but the attending 
nephrologist bills once a month for the supervision of the unit (one code for each patient per 
month). All patients who were not receiving chronic hemodialysis were excluded. This 
includes patients whose follow-up ended before January 1 2007, patients with less than 3 
months of follow-up after cohort entry and patients not satisfying the above algorithm.  
If a patient has more than three hemodialysis codes between days 75 and 90, then they were 
considered to be on hemodialysis. If not, we considered their dialysis modality to be the same 
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as the last dialysis code in the 90 days after cohort entry. Patients undergoing peritoneal 
dialysis or home hemodialysis were excluded, as infection rates and types vary greatly by 
modality242 and because home hemodialysis and peritoneal dialysis are done outside of the 
hospital or satellite unit where the patient to nurse ratio does not apply. If a patient chose to 
transfer to a different modality (to peritoneal dialysis or home hemodialysis), the last date of 
follow-up corresponded to the date of modality transfer. If there was a gap of at least 30 
(hospital) or 60 days (satellite unit) between two hemodialysis services, follow-up was 
stopped. 
Each patient undergoes hemodialysis at a certain dialysis facility. While most continued 
hemodialysis at the same facility, some may choose to switch to another. Patients were 
considered to have switched facilities if they have at least two successive dialysis services in 
another facility. Patients without any period of follow-up in a participating dialysis facility 
were excluded.  
Study patients were followed from their date of cohort entry until the earliest date of date of 
death, transplant, discontinuation of hemodialysis, modality transfer to peritoneal dialysis or 
home hemodialysis or the end of the study.  
Outcome 
Infection-related hospitalization 
An IRH is defined as a hospitalization in which an infection is the principal diagnosis. Type of 
hospitalization and infection on the discharge sheet is classified using ICD-10 codes (see 
Table 15 in Appendix I for specific codes). IRHs were further categorized into 8 mutually 
exclusive categories based on the type of infection. Types of infection included abdominal, 
access-related, genitourinary, musculoskeletal, pneumonia, septicemia, skin and other 
infections, as these are the most important types of infection in this population.  
Assessment of Facility-Level Variables 
The patient to nurse ratio for this study ratio was defined as the number of patients divided by 
the number of nurses attending patients. It was evaluated once every 3 months for a total of 3 
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measurements to account for seasonal changes. Thus, it is possible for a single facility to be 
associated with more than one value of patient to nurse ratio due to it changing over the course 
of the study. However, some facilities were lost to follow-up. In these cases, only the initial 
measurement of the patient to nurse ratio is known. 
Patient-to-nurse ratio was categorized using approximation of the first, second and third 
quartiles: <3, ≥3 and <4 or ≥4. A patient could end up in a ‘missing’ category if they suffer an 
IRH in a facility where the patient to nurse ratio is unknown (i.e. in a center that is not 
participating in this study). These patients were still part of the cohort (as they have a period of 
follow-up in a participating facility), but their patient to nurse ratio at the time of the IRH is 
not known as it is tied to the facility where they received their last dialysis service. In our 
analysis, these patients were represented as the ‘unknown’ category.  
Assessment of Covariates 
Baseline patient characteristics assessed at the date of cohort entry included age, sex and 
incident dialysis status (versus prevalent). Comorbidities were assessed two years before the 
cohort entry date. Comorbidities were identified with ICD-9 codes and ICD-10 codes from 
RAMQ data (see Table 14 in Appendix I for specific codes).  
Comorbidities assessed include hospitalization in the prior year, hemodialysis incidence, 
cardiovascular disease, cerebrovascular disease, chronic pulmonary disease, cirrhosis or 
chronic liver disease, congestive heart failure, diabetes, history of amputation, hyperlipidemia, 
hypertension, malignancy, peripheral vascular disease, valvular disease, prior IRH or steroid 
use. Steroid use was assessed six months prior to cohort entry. A patient is considered to be 
using steroids if they have at least one prescription in the six months prior to their entry into 
the cohort and were using RAMQ’s drug plan insurance. 
Statistical Analysis 
For baseline characteristics, we used mean, standard deviation, median and interquartile range 
to describe continuous variables such as age and follow-up. We used frequencies to describe 




For this study, we calculated IRH incidence rates by dividing the total number of IRH by the 
total number of years of follow-up. In this study, it is presented as the incidence rate per 
patient-year. The Poisson distribution was used to calculate the 95% confidence intervals (CI). 
Kaplan-Meier 
We used the Kaplan-Meier analysis to determine infection-free survival curves and probability 
of survival, stratified by patient to nurse ratio. The difference between the four survival curves 
was assessed with the log rank test. 
Mixed Effects Cox Model 
Conventional regression models assume that each patient is independent of one another. 
However, this is may not necessarily be true in multicentre studies like this one. For example, 
patients within the same ‘cluster’ (in this case, dialysis facility) are likely to have outcomes 
that are correlated with one another since they receive similar care under similar conditions. 
This violates the assumption of independent events and precludes us from using a 
conventional regression model. Analysis of multilevel data requires the use of mixed effect (or 
hierarchical) models.  
In addition to patients being exposed to similar conditions within the same dialysis facility, 
they may also be a heterogeneous population. Within a heterogeneous population, there is one 
or more subsets of the population that are more susceptible to the event of interest than others. 
These individuals tend to experience the event first, leaving behind the less susceptible 
individuals in the cohort. As a result, the population hazard may appear to decrease with time 
even if the individual hazards are constant. If left uncorrected, it will result in the regression 
coefficients being underestimated. 
A mixed effects Cox model can adjust for heterogeneity, and is defined as a survival 
regression model that incorporates mixed effects. It includes both fixed effects coefficients 




There was one Cox model used in the main analysis: a mixed effects Cox model for the first 
IRH with the facility as a random effect. In this case, the facility related variable was the 
patient to nurse ratio. The model was adjusted for all covariates listed above. 
Sensitivity analyses 
Four different sensitivity analyses were done to test the robustness of our results. The first 
sensitivity analysis examined what would happen if the largest facility was excluded from the 
analysis, as it appeared to highly influence our results. The second analysis excluded prevalent 
patients and only kept incident patients in the analyses. The third analysis tested whether 
patients switching facilities had any effect on the results. Thus, any patient with follow-up in 
more than one facility was excluded from the analysis.  
In the main analysis, steroid use was not included due to the numerous missing values 
(21.7%). This is because data for this variable comes from the RAMQ, which also covers drug 
prescriptions through their public prescription drug insurance plan. Patients who were not 
covered by the public prescription drug insurance plan or who rely on private insurance were 
not included in RAMQ data, so their drug prescriptions were unknown in this study. Thus, we 
decided to do a fourth sensitivity analysis to check whether steroid use affected our results.  
The analysis was done using SAS statistical software. In all cases, a result was considered 




Description of baseline characteristics  
 
Figure 1. Summary of the construction of the cohort. 
This study included 6,124 chronic hemodialysis patients in 21 participating dialysis facilities 
in the final cohort. An important number of patients were excluded due to not being on 
maintenance (chronic) dialysis. This is expected as dialysis can also be used for acute kidney 
failure, which can be followed by renal function recovery or death.  
The distribution based on patient to nurse ratio can be seen in Table 1. 8 facilities had a mean 
patient to nurse ratio of <3. 8 facilities had a patient to nurse ratio of ≥3 and <4. 7 facilities had 
a patient to nurse ratio of ≥4. 417 (6.8%) patients had an unknown patient to nurse ratio 
(which is considered as a missing value).  
Baseline characteristics are summarized in Table 1. The median age was 68.7 years, with an 
interquartile range of 58.2-77.0. The median follow-up was 2.0 years with an interquartile 
range of 0.9-3.8 years. The median and interquartile range were given in these two cases as 
neither age nor follow-up were normally distributed in this cohort. 39.9% of the patients were 
Patients with ≥1 dialysis-related 
service between January 1, 2007 and 
March 31, 2013
(n = 22,328)
Patients receiving chronic 
hemodialysis in participating dialysis 
facilities after January 1 2007
(n = 6,124)
Excluded
• Kidney transplant before dialysis initiation (n = 732)
• Not on maintenance (chronic) dialysis at 3 months 
(n = 11,559)
• On peritoneal dialysis or home hemodialysis at 
cohort entry (n = 1551)
• Less than 3 months of follow up after cohort entry 
(n = 120)
• No period of dialysis in a facility participating in this 
study (n = 2242)
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female and 61.8% of them were incident patients. 50.7% of patients suffered from diabetes, 
48.0% from cardiovascular disease and 70.8% from hypertension. 19.7% of patients had 
suffered an IRH prior to their entry into the cohort. There was no statistically significant 
difference in gender distribution among the four strata. Age distribution was also very similar 
among the patients whose patient to nurse ratio was known, although patients with a patient to 
nurse ratio of ≥3 and <4 tended to be slightly younger. 
However, there were numerous differences in the presence of various comorbidities in the four 
strata except cerebrovascular disease, chronic pulmonary disease, diabetes and history of 
amputation. For example, cardiovascular disease was significantly more common in the group 
with a patient to nurse ratio of <3 (p < 0.0001), as were congestive heart failure (p = 0.01), 
valvular disease (p = 0.006) and incident hemodialysis patients (p = 0.01). Hypertension was 
significantly more common in the group with a patient to nurse ratio of ≥4 (p < 0.0004). 
Peripheral vascular disease was significantly more common among patients with a patient to 





Patient to nurse ratio 
p-value All patients <3 3 to <4 ≥4 Unknown** 
n=6124 (%) n=2244 (%) n=1692 (%) n=1771 (%) n=417 (%) 
Age (years)* 68.7 (58.2-77.0) 69.3 (58.7 -77.3) 68.6 (58.0-76.9) 69 (59.3 - 77.5) 69.9 (53.4 - 73.7) <.0001 
Sex (female) 2443 (39.9) 907 (40.4) 682 (40.31) 693 (39.1) 161 (38.6) 0.78 
Hospitalization in prior year 3973 (64.9) 1514 (67.5) 1074 (63.5) 1119 (63.2) 266 (63.8) 0.06 
Hemodialysis incidence  3786 (61.8) 1377 (61.4) 1026 (60.6) 1101 (62.2) 282 (67.6) 0.01 
Cardiovascular disease 2940 (48.0) 1146 (51.1) 833 (49.2) 806 (45.5) 155 (37.2) <.0001 
Cerebrovascular disease 429 (7.0) 178 (7.9) 110 (6.5) 117 (6.6)  24 (5.8) 0.17 
Chronic pulmonary disease 1147 (18.7) 437 (19.5) 304 (18.0) 335 (18.9) 71 (17.0) 0.51 
Cirrhosis or chronic liver disease 281 (4.6) 99 (4.4) 73 (4.3) 95 (5.4) 14 (3.4) 0.23 
Congestive heart failure 1662 (27.1) 657 (29.3) 442 (26.1) 469 (26.5) 94 (22.5) 0.01 
Diabetes 3104 (50.7) 1127 (50.2) 883 (52.2) 900 (50.8) 194 (46.5) 0.20 
History of amputation 144 (2.4) 59 (2.6) 37 (2.2) 38 (2.2) 10 (2.4) 0.73 
Hyperlipidemia 3654 (59.7) 1385 (61.7) 999 (59.0) 1034 (58.4)  236 (56.6) 0.07 
Hypertension 4338 (70.8) 1542 (68.7) 1229 (72.6) 1295 (73.1) 272 (65.2) 0.0004 
Malignancy 1070 (17.5) 428 (19.1) 281 (16.6) 300 (16.9) 61 (14.6) 0.06 
Peripheral vascular disease 1497 (24.4) 515 (23.0) 375 (22.2) 481 (27.2) 126 (30.2) <.0001 
Valvular disease 695 (11.3) 289 (12.9) 172 (10.2) 201 (11.4) 33 (7.9) 0.006 
Prior IRH 1207 (19.7) 441 (19.7) 325 (19.2) 374 (21.1) 67 (16.1) 0.11 
* Median (IQR)                                                               
** Unknown patient to nurse ratio 
IRH, infection-related hospitalization; IQR, interquartile range 




Patient to Nurse Ratio Results  
The results of the mixed effects Cox model used to analyze whether the mean patient to nurse 
ratio of a facility is associated with a greater risk of suffering their first IRH are shown in 
Table 2. A patient to nurse ratio of ≥3 and <4 was used as a reference. Given that the patient to 
nurse ratio was stratified based on quartiles, the middle quartile was the most conservative 
choice as a reference. While we would be less likely to see differences between the different 
strata with this reference point, any statistically significant differences that are found are more 




A patient to nurse ratio of ≥4 was associated with a reduced risk of IRH in the adjusted model. 
No association was found between IRH and a patient to nurse ratio of <3. In the adjusted 
model, the following covariates were associated with a greater risk of IRH: hemodialysis 
incidence, hospitalization in the prior year, chronic pulmonary disease, history of amputation 
and prior IRH. 
Covariates  
Mixed Effects Cox Model 
Unadjusted HR Adjusted HR 
HR (95% CI) 
Mean Patient to Nurse Ratio     
Less than  3 (<3) 1.14 (0.82, 1.58)  1.12 (0.83, 1.51) 
3 to less than 4 (3 to <4) Reference 
4 or more (4≤) 0.66 (0.50, 1.47) 0.72 (0.55, 0.95) 
Unknown 0.90 (0.55, 1.30) 0.97 (0.61, 1.53) 
Age (years)* 1.00 (1.00, 1.01) 1.00 (1.00, 1.01) 
Sex (female) 0.96 (0.87, 1.05) 0.96 (0.87, 1.05) 
Hemodialysis incidence  1.46 (1.32, 1.61) 1.13 (1.02, 1.24) 
Hospitalization in prior year 1.10 (1.00, 1.21) 1.19 (1.06, 1.33) 
Cardiovascular disease 1.27 (1.16, 1.39) 0.99 (0.89, 1.10) 
Cerebrovascular disease 1.49 (1.28, 1.74) 1.18 (1.00, 1.39) 
Chronic pulmonary disease 1.90 (1.71, 2.11) 1.57 (1.40, 1.76) 
Cirrhosis or chronic liver disease 1.44 (1.18, 1.77) 1.18 (0.96, 1.44) 
Congestive heart failure 1.41 (1.27, 1.55) 1.10 (0.98, 1.23) 
Diabetes 1.29 (1.17, 1.41) 1.08 (0.98, 1.19) 
History of amputation 1.80 (1.39, 2.32) 1.37 (1.05, 1.80) 
Hyperlipidemia 1.15 (1.05, 1.27) 1.04 (0.93, 1.15) 
Hypertension 1.26 (1.13, 1.40) 0.91 (0.80, 1.02) 
Malignancy 1.24 (1.10, 1.39) 1.12 (0.99, 1.26) 
Peripheral vascular disease 1.36 (1.23, 1.51) 1.05 (0.93, 1.18) 
Valvular disease 1.24 (1.08, 1.43) 1.00 (0.86, 1.15) 
Prior IRH 1.97 (1.78, 2.19) 1.67 (1.49, 1.86) 
HR, hazard ratio; CI, confidence interval; IRH, infection-related hospitalization 





Patients in dialysis facilities with a patient to nurse ratio of ≥3 and <4 had the lowest risk of 
suffering an IRH, while patients in facilities with a patient to nurse ratio of <3 or ≥4 had a 
higher risk of suffering an IRH with nearly identical survival curves, shown in Figure 2. 
Patients with an unknown patient to nurse ratio had an IRH risk somewhere in the middle.   
A log-rank test was performed to determine if the results were statistically significant. This 
resulted in a p-value of < 0.0001, indicating that the curves are significantly different from 
each other.  
 
Figure 2. Unadjusted IRH-free Kaplan-Meier curves stratified by patient to 





The results of the multiple sensitivity analyses are shown in Table 3. There are four sensitivity 
analyses on Table 3: one with the largest facility excluded, another with prevalent patients 
excluded, another with patients with follow-up in 2 or more facilities excluded and another 
with steroids included as a covariate (which only includes patients with RAMQ’s drug 
insurance). Hemodialysis patients sometimes chose to transfer from one facility to another, 
while others continued to undergo hemodialysis in the same facility during the entire follow-
up. Only the patients who spent their entire follow-up receiving hemodialysis in the same 
facility (i.e. they never transferred to another facility) were included in the third sensitivity 
analysis.  
If patients with follow-up in more than 2 facilities were excluded, the results of the sensitivity 
analysis were somewhat similar to those of the main analysis, but despite the changes in HR, 
the interpretation of the results remained the same. 
However, the results from the second sensitivity analysis (where prevalent patients were 
excluded) differed somewhat from the main analysis. If prevalent patients were excluded, the 
results showed that a patient to nurse ratio of <3 was associated with a significantly increased 
risk of IRH, but the association between risk of IRH and a patient to nurse ratio of ≥4 
disappeared.  
The results were also somewhat different if the largest facility was excluded or if steroids are 
added to the model. If patients from the largest facility or patients without RAMQ’s insurance 
plan were excluded (adjusted mixed effects Cox model with steroids), then the association 






Adjusted Mixed Effects Cox Model 








follow-up in more 
than 2 facilities 
excluded 
Model with steroids 
(n=4793) 
HR (95%CI) 
Mean Patient to Nurse Ratio           
Less than 3 (<3) 1.12 (0.83, 1.51) 1.00 (0.87, 1.15) 1.36 (1.01, 1.82) 0.85 (0.54, 1.34) 1.10 (0.84, 1.43) 
3 to less than 4 (3 to <4) Reference 
More than 4 (4≤) 0.72 (0.55, 0.95) 0.99 (0.85, 1.15) 1.00 (0.75, 1.34) 0.56 (0.39, 0.80) 0.90 (0.70, 1.16) 
Unknown 0.97 (0.61, 1.53) 0.94 (0.75, 1.16) 1.22 (0.79, 1.90) 1.00 (1.00, 1.01) 1.00 (0.66, 1.51) 
HR, hazard ratio; CI, confidence interval 




If the largest facility was excluded from the Kaplan Meier analysis, the association between 
patient to nurse ratio and risk of IRH disappeared entirely. As shown in Figure 3, all 4 of the 
Kaplan-Meier curves became very similar. A log rank test was done, resulting in a p-value of 
0.59, indicating that the curves were not significantly different from each other. 
 
Figure 3. Sensitivity analysis: Unadjusted IRH-free Kaplan-Meier curves 
stratified by patient to nurse ratio (IRH, infection-related hospitalization; PNR, 
patient to nurse ratio) 




Summary of Results 
Our adjusted mixed effects Cox model showed that that having a patient to nurse ratio of ≥4 
was associated with a reduced risk of IRH and that a patient to nurse ratio of <3 is not 
associated with a significantly increased or decreased rate of IRH compared with those with a 
patient to nurse ratio of ≥3 and <4. However, our Kaplan Meier results showed that patients in 
facilities with a patient to nurse ratio of ≥3 and <4 have the lowest risk of suffering their first 
IRH, while those with a patient to nurse ratio of <3 or ≥4 have a higher risk of suffering their 
first IRH.  
The overall incidence of IRH across all participating facilities was 0.193 IRH per patient year 
(95% CI: 0.187, 0.200). There was a substantial variation in IRH rates across each facility in 
this study. However, according to our results, this variation in IRH depending on the facility 
cannot be explained by patient to nurse ratio. There is likely something else that influences the 
IRH rates across different facilities. 
Our results changed slightly once certain sensitivity analyses were done. Having a patient to 
nurse ratio of <3 was associated with an increased risk of IRH and a patient to nurse ratio of 
≥4 was no longer associated with a reduced risk of IRH if prevalent patients were excluded. If 
the largest facility was excluded or if steroids were added to the model as a covariate, the 
association between risk of IRH and patient to nurse ratio disappeared entirely. The results of 
these sensitivity analyses may be a hint that the association between infection and patient to 
nurse ratio is more complicated than simple cause and effect, and that it is affected by multiple 
variables.   
Interpretation 
The majority of studies related to nurse staffing have found that a higher patient to nurse ratio 
(or a lower nurse to patient ratio)234, 238, 243, 244 and lower nurse staffing in general237, 243, 245-247 
is associated with increased rates of infection. Studies also suggest that higher patient to nurse 
ratios or understaffing are associated with lower hand hygiene compliance,248 higher infection 
transmission rates,245 higher mortality231, 249 and increased risk for surgical complications.235, 
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236, 250, 251 West et al.225 found that a higher number of nurses per bed was associated with 
higher survival, while higher workload was associated with higher mortality. Arenas et al.248 
analyzed hand hygiene practices in nine Spanish hemodialysis units and found that poor 
compliance was associated with a higher patient to nurse ratio, hemodialysis units running 
three scheduled shifts of dialysis per day and chronic hemodialysis units (compared to acute 
hemodialysis units). 
Our results do not reflect those findings, as IRH rates seem to have a non-monotonic 
association with patient to nurse ratio in this population. However, these findings are not 
unprecedented. Reviews in the past have noted that while there is a general trend, the results of 
studies related to nurse staffing have been varied, and not all studies find an association 
between nurse staffing and patient outcomes or infection rates.223, 230 
It should be noted that these studies are also very heterogeneous, with different methods, 
sample sizes, patient populations, etc. Some studies focus on pediatric patients, others on 
intensive care unit (ICU) patients, others on the neonatal intensive care unit (NICU) patients, 
and others on patients undergoing various types of surgery. Some are multi-centre, others are 
not, and many studies use other measures of nurse staffing or workload besides patient to 
nurse ratio. As a result, this raises issues with comparability and generalizability, especially 
since we are not aware of any other study that has examined the association between infection 
and patient to nurse ratio in the hemodialysis patient population.  
Whitman et al.252 found no association between central line infections and nurse staffing 
across various specialty units, but noted that the impact of nurse staffing on other outcomes 
did vary among specialty units. For example, they found an inverse association between nurse 
staffing and medication errors in cardiac and non-cardiac intensive care units and between 
staffing and falls in cardiac intensive care. This implies that lower nurse staffing may affect 
different specialty units in different ways, and not necessarily in terms of infection rates.  
West et al.225 found a significant interaction between the number of nurses and ICU mortality, 
but no significant interaction was found between the number of nurses and hospital mortality. 
Their results show that the impact of nurse staffing was highest in the ICU, on patients at the 
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greatest risk of death. This also suggests that the importance of nurse surveillance is the key 
mechanism that links nurse staffing to patient outcomes in the ICU.  
California is noted to have (on average) 12 patients for every dialysis nurse, yet patient 
outcomes in California are among the best in the United States despite the lack of mandated 
staffing ratios. This implies that there are other factors that affect patient outcomes other than 
patient to nurse ratio. One aspect of hemodialysis care is the long term relationship between 
the health care team and the patients, as several patients are cared for in the same room with 
the nurses nearby. It is possible that these interpersonal relationships between patients and the 
health care team may affect patient outcomes.253 
Hugonnet et al.254 have noted in their review that the relationship between understaffing, 
patient overcrowding and nosocomial infection is not a linear cause-effect relationship. It is 
likely due to the interaction of several factors with synergistic effects, and determining them 
may be difficult due to various methodological shortcomings.  
Thus, it is possible that the lack of obvious monotonic association between patient to nurse 
ratio and infection in the dialysis patient population may be because nurse surveillance is less 
important in dialysis facilities. It is also likely that there may be other factors (or a 
combination of factors) that influence the IRH rates in the dialysis population besides patient 
to nurse ratio. Elucidating these factors in relation to nurse staffing would require more 
detailed studies. 
Strengths and Weaknesses of this study 
One strength of our study is its large sample size and high statistical power, as it includes 21 
dialysis centers across Quebec and linked data from RAMQ and Med-Echo. RAMQ provides 
free healthcare insurance to all residents of Quebec (except those with private insurance), and 
the majority of dialysis facilities in the province have agreed to participate in this study, 
allowing us to include most dialysis patients in Quebec.  
Another strength is that this study includes a balanced blend of existing data and measurement 
of new variables that are not normally included in existing databases. In this case, the variable 




However, our study does have some limitations. As this is an observational study, our ability 
to make any causal claims is very limited. We can only determine associations between 
different variables. The best way to test causality would be a clinical trial, but it may not be 
feasible or ethical. 
One source of information bias is that, despite our efforts, some facilities were lost to follow-
up in terms of measuring the patient to nurse ratio. Thus, for some facilities in this study, we 
were not able to obtain all three measurements to calculate the mean patient to ratio over time 
and to account for seasonal changes.   
Other sources of information bias include the fact that the mean patient to nurse ratio was used 
for each center. Given that some facilities have multiple rooms devoted to hemodialysis 
sessions, there could be variations within the same dialysis facility depending on the room and 
the time of day. It is also possible that satellite and semi-autonomous hemodialysis units may 
include patients at lower risk of infection and have a higher patient to nurse ratio, which would 
bias the results. However, this cannot completely explain our results as large in-center 
facilities without semi-autonomous units had high patient to nurse ratios. 
It should also be noted that our values of patient to nurse ratio are fairly homogenous in that 
the range is not that high. The lowest patient to nurse ratio was about 1.6 and the highest was 
measured at about 4.6. As a result, we cannot really conclude if a patient to nurse ratio of 4 or 
more is really associated with an increased risk of IRH in the context of this study. It is 
possible that, in the hemodialysis population, we may only see increased risk of IRH in 
dialysis facilities with much higher patient to nurse ratios.  
Another limitation of this study was that we were unable to obtain data from the Canadian 
Organ Replacement Register (CORR), a national database that tracks dialysis activity, vital 
organ transplantation, organ donation and wait list statistics in Canada. Data from CORR 
would have included some variables not available from Med-Echo and the RAMQ, such as the 
patient’s vascular access (AVF, AVG or CVC) and their laboratory results (such as serum 
albumin, estimated glomerular filtration rate (eGFR), hemoglobin, creatinine, phosphorous, 
urea, etc.). These variables are possible risk factors for IRH that we could not adjust for in our 
model in this study. Their association with infection has been shown in various studies and 
disputed in others. 
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Many studies have shown that a patient’s vascular access has a considerable impact on their 
risk of suffering an infection, with patients using a CVC being the most vulnerable.23-27 
Results concerning laboratory results are somewhat mixed. One study found that a higher 
phosphorous level was associated with increased risk of IRH, but not albumin, eGFR, urea or 
hemoglobin.242 However, another study suggested that low albumin increased the risk of 
septicemia among dialysis patients,209 two other studies found that low albumin was 
associated with higher infection severity208, 255 and another study found that lower serum 
albumin was associated with a higher risk of infection-related events (in older patients).256 
Among older patients with chronic kidney disease, lower eGFR (and thus, lower kidney 
function) was associated with a higher risk of IRH257 and bloodstream infections.258 Lower 
serum creatinine, lower serum albumin and lower BMI have been associated with higher 
mortality.259, 260 Lower hemoglobin has been associated with increased risk of bacteremia261 
and vascular access infection.262 However, other studies have found a non-monotonic256 or 
non-existent263 association between hemoglobin and infection. 
It should also be noted that information relating to vaccinations, topical antibiotics, or 
antibiotic locks administered to participating hemodialysis patients was not available in both 
databases used in this study, despite the amount of research done on these subjects. 
Information relating to S. aureus nasal carriers was also unavailable in both databases used in 
this study. We also could not determine if there was an association between patient to nurse 
ratio or prior IRH and access-related infections as we did not have the necessary data to 
perform these analyses. This was why we were unable to adjust for these variables in this 
study. 
It should also be noted that we use various codes to determine whether the patient is on 
chronic hemodialysis, if they have suffered an IRH (and what type) and their comorbidities. 
We only know what has been written down, and thus the specificity and the sensitivity of our 
data is not perfect. Notably, these codes do not measure disease severity and do not include 
infections that don’t require hospitalization. As a result, there may be some residual 
confounders present in our study. 
Another limitation is that, for prevalent patients, we cannot know if that comorbidity is a cause 
or consequence of hemodialysis. This is especially true for some comorbidities like 
hypertension, which can cause ESRD or be a consequence of it. 
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While our study does include most dialysis patients in Quebec, our results may not be 
generalizable to all facilities. There is a considerable variation in patient to nurse ratios and 
IRH rates across different facilities, and not including all of them (especially the larger ones) 




The goal of this study was to elucidate the association between patient to nurse ratio and IRH 
in the chronic hemodialysis patient population. Our analysis, using data from both RAMQ and 
Med-Echo, allows us to conclude that the association between patient to nurse ratio and IRH is 
unclear, especially as our results seem to be different after certain sensitivity analyses are 
done.  
It appears that there is something else influencing IRH rates across different facilities besides 
patient to nurse ratio. More studies would be required to determine what factors are 
responsible for the varying IRH rates across different facilities.  
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The human skin is a complex organ that regulates our interactions with the outside world. It is 
also a complex ecosystem that supports diverse communities of microorganisms.264, 265 These 
microorganisms include transient visitors that do not normally multiply or grow on the skin, as 
well as permanent residents that make up the normal skin flora.265 Resident skin flora reside in 
the deeper areas of the skin and are resistant to removal, while transient flora colonize the 
superficial layers of the skin and are easier to remove by hand washing. Transient skin flora 
are the organisms that are most frequently associated with hospital-related infections. They are 
frequently acquired by healthcare workers via direct contact with patients and contaminated 
surfaces.266 It is well known that increased adherence to proper hand hygiene practices reduces 
the transmission of transient microorganisms associated with disease, resulting in reduced 
incidence of nosocomial infections.266-269 
Hand hygiene remains a cornerstone for the prevention of nosocomial infection, even among 
dialysis patients.133, 144 Unfortunately, hand hygiene compliance is low in many hospitals 
studied.218, 270-272 Reasons cited include high workload and understaffing, antiseptic or 
antimicrobial agents causing skin irritation, inadequate knowledge of guidelines or protocols 
for hand hygiene, lack of role models, not recognizing the risk of cross-transmission of 
microbial pathogens and/or the lack of availability or inconvenient location of sinks.267, 272  
It has been shown that putting alcohol-based hand rub dispensers (ABHRD) within direct line 
of sight when entering the room or seeing the patient improves compliance.273, 274 Thomas et 
al. found that greater quantities of alcohol-based hand rub (ABHR) products were used when 
the dispensers were in greater proximity to the patients and in a more conspicuous location. 
However, the number of ABHRD available had no effect on daily ABHR product 
consumption.275 Studies have also shown that fewer sinks or inconvenient location of sinks are 
associated with reduced hand-washing compliance and greater incidence of Clostridium 
difficile infections.276-278 No similar studies have been done in the hemodialysis population. 
Thus, the purpose of this study is to evaluate if a higher availability and proximity of 
handwashing stations and ABHRD is associated with lower rates of infection-related 
hospitalizations (IRH) in patients receiving chronic hemodialysis.  
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Patients and Methods 
Study Design  
This study was a retrospective cohort study involving both incident and prevalent chronic 
hemodialysis patients. Data at the patient level was extracted from the RAMQ and Med-Echo 
databases described below. All databases were linked by RAMQ. Facility level space factors 
at the 21 participating centers were determined by direct measurement.  
Databases 
Régie de l’assurance maladie du Québec (RAMQ) 
The RAMQ is the universal health care public insurance agency in Quebec, providing a Health 
Insurance Card which allows free access to medical services for all Quebec residents. It covers 
all dialysis treatments and transplant surgeries in Quebec, with notable exceptions being 
military personnel and First Nations. The RAMQ’s registration files of insured people include 
demographic information such as age, sex, type of medication insurance plan, postal code, etc. 
It also has a physician claims database that provides information on medical services provided, 
diagnosis and reimbursements. The RAMQ also provides medication services to all Quebec 
residents who are 65 or older, younger residents (less than 65 years of age) who are on social 
assistance and Quebec residents who are not covered by private insurance. Thus, it can also 
provide information on all dispensed prescriptions and reimbursements for said prescriptions.  
Québec hospital discharge summary database (Med-Echo) 
Med-Echo is a database that collects data from discharge abstracts of all hospitalizations 
within Quebec. It provides clinical and administrative data relating to physical and mental 
health. Med-Echo is owned and managed by the Department of Health and Social Services. Its 
data is stored in RAMQ’s facilities.  It includes data on diagnosis (using ICD-10 codes since 





This study involved chronic hemodialysis patients, both incident and prevalent, from January 
1, 2007 to March 31, 2013 at 21 participating dialysis facilities. All patients must have been at 
least 18 years of age or older at the date of dialysis initiation and must have been undergoing 
dialysis for at least 90 days. The date of cohort entry for this study was defined as the date of 
dialysis initiation for incident dialysis patients and January 1, 2007 for prevalent patients. 
First, all dialysis diagnostics, billings and procedures were identified between October 1, 2006 
and 31 March, 2013 and the number of dialysis services were counted for each patient. The 
codes used for this study can be found in Table 13 in Appendix I. 
Patients who received a transplant prior to starting dialysis were also were excluded by finding 
kidney transplant-related diagnostics, billings and procedures prior to the first dialysis code in 
the study period. Transplant recipients were excluded as they tend to experience better 
survival rates and suffer different types of infections compared to hemodialysis patients.63  
Dialysis may be done for either a short or long period of time (for acute or chronic renal 
failure), but only chronic hemodialysis patients were included in this study. To ensure that all 
patients in the final cohort were undergoing chronic hemodialysis, an algorithm was used to 
select all dialysis codes in a 90-day window for each given dialysis code. This algorithm 
evaluates three criteria to validate whether a patient is on chronic hemodialysis and for how 
long: 
1) ≥ 3 in-center hemodialysis codes between day 75 and 90  
2) Or ≥ 2 satellite dialysis codes between day 0 and 90 
3) Or 1 satellite hemodialysis supervision dialysis code between day 60 and 90 
This algorithm is first applied to the date of entry into the cohort (first dialysis session) and 
chronologically for each dialysis code afterward. If a patient has less than 90 days of follow-
up or no dialysis code after 90 days of follow-up, they were excluded. In Quebec, billings are 
handled differently between in-center hemodialysis and satellite units. In-center hemodialysis 
treatments are billed by the attending nephrologist (one code for each patient per treatment). 
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Individual treatments in satellite units cannot be billed, but the attending nephrologist bills 
once a month for the supervision of the unit (one code for each patient per month).  
All patients who were not receiving chronic hemodialysis were excluded. This includes:  
- Patients whose follow-up ended before January 1 2007  
- Patients with less than 3 months of follow-up after cohort entry 
- Patients not satisfying the dialysis algorithm above 
The patients’ modality was assessed in the 90 days after cohort entry, with those with more 
than 3 hemodialysis codes between day 75 and 90 being considered as being on hemodialysis. 
If this was not the case, then the modality of their last dialysis code in the 90 days after cohort 
entry is considered to be their modality. Only those undergoing hemodialysis at a hospital or 
satellite centre were included in the study. Patients undergoing peritoneal dialysis or home 
hemodialysis were excluded, as infection rates and types vary greatly by modality,242 and 
because home dialysis is done at home or work rather than a dialysis unit. 
In the case where a patient switches modality to peritoneal dialysis or home hemodialysis, the 
last date of follow-up is the date of modality transfer. Follow-up is also stopped if there is a 
gap of at least 30 days (in a hospital) or 60 days (in a satellite center) between two 
hemodialysis services. 
Each patient received hemodialysis at a certain facility, and while most chose to stay at the 
same facility throughout all their follow-up, some may have chosen to switch to another. If a 
patient had two consecutive dialysis services in another facility, then they were considered to 
have switched to that dialysis facility. Patients who did not have any period of hemodialysis in 
a participating facility were excluded from the study.  
All patients included in the final cohort were followed from their date of dialysis initiation 
until the earliest date of modality transfer (to peritoneal dialysis or home hemodialysis), 






An infection-related hospitalization (IRH) is defined as a hospitalization in which an infection 
is the principal diagnosis. IRHs were classified in using ICD-10 codes (which can be found on 
Table 15 in Appendix I). IRH include many types of infections; in this study, it is categorized 
into abdominal infections, access-related infections, genitourinary infections, musculoskeletal 
infections, pneumonia, septicemia, skin and other infections.  
Assessment of Facility-Level Variables 
Assessment of facility-level variables was done by hand using a tape ruler at each participating 
centre. Both hand-washing stations and alcohol-based hand rub dispensers were assessed: 
Hand-washing station and alcohol-based hand rub dispenser variables measured:  
- Number of hand-washing stations or dispensers in the dialysis unit 
- Mean distance in meters between each dialysis station and the nearest hand washing 
station or dispenser 
- Hand-washing station/dispenser ratio (defined as the number of dialysis stations 
divided by the number of hand-washing stations or dispensers)  
Mean distance of dialysis station to the nearest hand-washing station was categorized using 
the first, second and third quartiles: <4.75 m, 4.75 m to 6 m or >6 m. 
Hand-washing station ratio was categorized using the first, second and third quartiles: <3.15, 
3.15 to 3.75 or >3.75 m. 
Mean distance of dialysis station to the nearest ABHRD was categorized using the first, 
second and third quartiles: <1.5 m, 1.5 m to 3 m or >3 m. 
ABHRD ratio was categorized using the first, second and third quartiles: <0.8, 0.8 to <1.5 or 
≥1.5. 
If a patient suffers an IRH in a facility where the facility-based variables were unknown (i.e. in 
a non-participating centre), they end up in a ‘missing’ category. These patients were still part 
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of the cohort (as they have a period of follow-up in a participating facility), but the facility-
level variables associated with their IRH were unknown as it is tied with the last dialysis 
facility they received services from. These patients were represented as the ‘unknown’ 
category in our analysis. 
Multiple measurements of these facility-level variables were taken over time, allowing us to 
take into account any changes that might have happened over the course of the study. This is 
why it is possible for a facility to be associated with more than one value of a given facility-
level variable.  
Assessment of Covariates 
Baseline patient characteristics assessed at cohort entry include age, sex and incident dialysis 
status (whether the patient is incident or prevalent).  
Comorbidities were assessed two years before cohort entry and were identified with a 
combination of ICD-9 and ICD-10 codes from RAMQ data. The specific codes can be found 
on Table 14 in Appendix I.   
Comorbidities assessed in this study include hospitalization in the prior year, hemodialysis 
incidence, cardiovascular disease, cerebrovascular disease, chronic pulmonary disease, 
cirrhosis or chronic liver disease, congestive heart failure, diabetes, history of amputation, 
hyperlipidemia, hypertension, malignancy, peripheral vascular disease, valvular disease, prior 
IRH or steroid use. 
Steroid use was assessed six months before cohort entry. We considered a person a steroid 
user if they had at least one prescription for it in the six months prior to cohort entry and were 
using RAMQ’s drug insurance plan. 
Statistical Analysis 
Mean, standard deviation, median and interquartile range were used to describe continuous 
variables such as age and length of follow-up. Frequencies were used describe categorical 




IRH incidence rates were calculated by dividing the total number of IRH by the total number 
of years of follow-up. In this study, it is presented as the IRH incidence rate per patient-year. 
The 95% confidence intervals (CI) were calculated using the Poisson Model. 
Kaplan-Meier 
The Kaplan-Meier analysis was used to determine infection-free survival curves and 
probability of survival. The log rank test was used to determine the difference between the 
four survival curves. 
Mixed Effects Cox model 
Conventional regression models assume that patients have the risk of suffering the event in 
question independently of one another. However, this is may not necessarily be true in 
multicentre studies like this one, where patients within the same ‘cluster’ (for example, a 
dialysis unit) are likely to have outcomes that are correlated with one another. This is 
especially true for this study since we focus on facility-level variables, which are the same for 
all patients receiving care in the same dialysis unit. This violates the assumption of 
independent events and prevents us from using a conventional regression model. Thus, we 
must use mixed effects (hierarchical) models to analyze multilevel data.  
The study population may also be a heterogeneous in that there may be one or more subsets of 
the population that are more susceptible to the event of interest than others. These individuals 
with a higher risk of the event tend to experience it first, leaving behind the less susceptible (or 
healthier) individuals in the cohort. This may result in the population hazard appearing to 
decrease with time (due to the loss of the susceptible individuals from the cohort) even if the 
individual hazards are constant. This may result in the regression coefficients being 
underestimated if the heterogeneous population is left unaccounted for. 
The mixed effects Cox regression model is an extended Cox model which can adjust for 
heterogeneity. It is a survival regression model that includes both fixed effects coefficients 
(which are constant within a given cluster) and random effects coefficients (which vary 
between individuals). Thus, this study uses mixed effects Cox model to take into account both 
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multilevel data and a heterogeneous population. We used a mixed effects Cox model in this 
study for the first IRH, including the facility as a random effect. In this case, the facility 
related variable is distance from the hand-washing station or alcohol-based hand rub dispenser 
to the nearest bed and the proportion of hand-washing stations or alcohol-based hand rub 
dispenser to the number of dialysis stations. Models were adjusted for all covariates listed 
above.  
Sensitivity analyses 
To test the robustness of our results, four different sensitivity analyses were performed for 
each facility-level variable. The first sensitivity analysis excluded the largest facility. This was 
to see if including this facility in our analysis affects our results. The second sensitivity 
analysis involved excluding all prevalent patients, leaving only incident patients in the cohort. 
The third sensitivity analysis excluded any patient with follow-up in more than one facility. 
This was done to test whether patients switching facilities affected our results.   
While RAMQ’s drug insurance plan was widely used in Quebec, there were those that were 
not covered by it or who used private insurance to pay for their medications. Thus, these 
patients were not included in RAMQ data, and their drug prescriptions were unknown to us. 
This was why steroid use was not included in the main analysis and why we decided to 
perform a fourth sensitivity analysis to see whether steroid use had any effect on our results.  
In this case, the facility related variables are the number of hand-washing stations or 
dispensers in the dialysis unit, the hand-washing station/dispenser ratio and the mean and 
median distance in meters between each dialysis station and the nearest hand washing station 
or dispenser. 
The analysis was done using SAS statistical software. Results were considered statistically 




Description of baseline characteristics  
 
Figure 4. Summary of the construction of the cohort 
This study included 6,124 chronic hemodialysis patients in 21 participating facilities in the 
final cohort. The reason why a large number of patients were excluded due to not being on 
maintenance (chronic) dialysis at three months was because we initially included every single 
patient with at least one dialysis-related code. This included patients requiring acute dialysis, 
patients that recovered and patients that died before three months of follow-up.  
The cohort was stratified based on the mean distance of dialysis station to the nearest hand-
washing station or alcohol-based hand rub dispenser (ABHRD) and based on the hand-
washing station/dispenser ratio. The distribution can be seen in Tables 5 to 8.  
7 facilities had a mean distance of dialysis station to the nearest hand-washing station of <4.75 
m. 6 facilities had a mean distance of dialysis station to the nearest hand-washing station of 
4.75 m to 6 m. 9 facilities had a mean distance of dialysis station to the nearest hand-washing 
station of >6 m.   
Patients with ≥1 dialysis-related 
service between January 1, 2007 and 
March 31, 2013
(n = 22,328)
Patients receiving chronic 
hemodialysis in participating dialysis 
facilities after January 1 2007
(n = 6,124)
Excluded
• Kidney transplant before dialysis initiation (n = 732)
• Not on maintenance (chronic) dialysis at 3 months 
(n = 11,559)
• On peritoneal dialysis or home hemodialysis at 
cohort entry (n = 1551)
• Less than 3 months of follow up after cohort entry 
(n = 120)
• No period of dialysis in a facility participating in this 
study (n = 2242)
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8 facilities had a hand-washing station ratio of <3.15. 6 facilities had a hand-washing station 
ratio of 3.15 to 3.75. 8 facilities had a hand-washing station ratio of >3.75.  
5 facilities had a mean distance of dialysis station to the nearest ABHRD of <1.5 m. 7 
facilities had a mean distance of dialysis station to the nearest ABHRD of 1.5 m to 3 m. 10 
facilities had a mean distance of dialysis station to the nearest ABHRD of > 3m.  
5 facilities had a ABHRD ratio of <0.8. 12 facilities a ABHRD ratio of 0.8 to <1.5. 5 facilities 
had an ABHRD ratio of ≥1.5. In all cases, 417 (6.8%) patients had an unknown ABHRD ratio.  
Baseline characteristics are summarized in Table 5. The cohort in general had a median age of 
68.7 years, with an interquartile range of 58.2-77.3. The median follow-up was 2.0 years with 
an interquartile range of 0.9-3.8 years. Neither age nor follow-up were normally distributed in 
this cohort, so median and interquartile range were given instead of mean and standard 
deviation. 39.9% of patients were female, 61.8% of them were incident patients and 19.7% of 
patients suffered an IRH prior to cohort entry. Diabetes, cardiovascular disease and 
hypertension were quite common, with 50.7% of patients suffering from diabetes, 48.0% from 
cardiovascular disease and 70.8% from hypertension.   
For mean distance of dialysis station to hand-washing station/ABHRD and hand-washing 
station/ABHRD ratio, there were no statistically significant differences in gender distribution 
between the different strata. Age distribution was also very similar among the patients whose 
facility-level variables were known, although patients with unknown facility-level variables 
tended to be slightly younger. There were no statistically significant differences in the 
distribution of cerebrovascular disease, history of amputation and (in most cases) diabetes. 
However, there were many differences in the distribution of comorbidities between each 






Mean Distance of Dialysis Station to Hand-washing Station (m) 
p-value All patients <4.75 4.75 to 6 >6 Unknown** 
n=6124 (%) n=2052 (%) n=1483 (%) n=2172 (%) n=417 (%) 
Age (years)* 68.7 (58.2-77.0) 67.7 (57.1-76.5) 71.3 (61.7-78.3) 68.8 (58.6-77.1) 64.9 (53.4-73.7) <.0001 
Sex (female) 2443 (39.9) 852 (41.5) 597 (40.3) 833 (38.4) 161 (38.6) 0.19 
Hospitalization in prior year 3973 (64.9) 1269 (61.8) 949 (64.0) 1489 (68.6) 266 (63.8) <.0001 
Hemodialysis incidence  3786 (61.8) 1229 (59.9) 948 (63.9) 1327 (61.1) 282 (67.6) 0.006 
Cardiovascular disease 2940 (48.0) 919 (44.8) 747 (50.4) 1119 (51.5) 155 (37.2) <.0001 
Cerebrovascular disease 429 (7.0) 150 (7.3) 99 (6.7) 156 (7.2) 24 (5.8) 0.65 
Chronic pulmonary disease 1147 (18.7) 368 (17.9) 281 (19.0) 427 (19.7) 71 (17.0) 0.40 
Cirrhosis or chronic liver disease 281 (4.6) 108 (5.3) 65 (4.4) 94 (4.3) 14 (3.4) 0.26 
Congestive heart failure 1662 (27.1) 517 (25.2) 442 (29.8) 609 (28.0) 94 (22.5) 0.002 
Diabetes 3104 (50.7) 1016 (49.5) 756 (51.0) 1138 (52.4) 194 (46.5) 0.09 
History of amputation 144 (2.4) 54 (2.6) 32 (2.2) 48 (2.2) 10 (2.4) 0.77 
Hyperlipidemia 3654 (59.7) 1193 (58.1) 896 (60.4) 1329 (61.2) 236 (56.6) 0.11 
Hypertension 4338 (70.8) 1473 (71.8) 1087 (73.3) 1506 (69.3) 272 (65.2) 0.003 
Malignancy 1070 (17.5) 343 (16.7) 278 (18.8) 388 (17.9) 61 (14.6) 0.17 
Peripheral vascular disease 1497 (24.4) 429 (20.9) 399 (26.9) 543 (25.0) 126 (30.2) <.0001 
Valvular disease 695 (11.3) 231 (11.3) 177 (11.9) 254 (11.7) 33 (7.9) 0.13 
Prior IRH 1207 (19.7) 407 (19.8) 320 (21.6) 413 (19.0) 67 (16.1) 0.06 
* Median (IQR)                               
** Unknown mean distance of dialysis station to hand-washing station 
IRH, infection-related hospitalization; IQR, interquartile range 






Ratio of Hand-washing Station to Dialysis Station 
p-value All patients <3.15 3.15 to 3.75 >3.75 Unknown** 
n=6124 (%) n=1687 (%) n=2144 (%) n=1876 (%) n=417 (%) 
Age (years)* 68.7 (58.2-77.0) 67.5 (58.6-76.8) 68.9 (57.9-77.1) 70.0 (59.9-77.7) 64.9 (53.4-73.7) <.0001 
Sex (female) 2443 (39.9) 646 (38.3) 879 (41.0) 757 (40.4) 161 (38.6) 0.34 
Hospitalization in prior year 3973 (64.9) 1076 (63.8) 1376 (64.2) 1255 (66.9) 266 (63.8) 0.18 
Hemodialysis incidence  3786 (61.8) 1035 (61.4) 1301 (60.7) 1168 (62.3) 282 (67.6) 0.06 
Cardiovascular disease 2940 (48.0) 832 (49.3) 1080 (50.4) 873 (46.5) 155 (37.2) <.0001 
Cerebrovascular disease 429 (7.0) 126 (7.5) 142 (6.6) 137 (7.3) 24 (5.8) 0.51 
Chronic pulmonary disease 1147 (18.7) 338 (20.0) 359 (16.7) 379 (20.2) 71 (17.0) 0.01 
Cirrhosis or chronic liver disease 281 (4.6) 98 (5.8) 100 (4.7) 69 (3.7) 14 (3.4) 0.01 
Congestive heart failure 1662 (27.1) 471 (27.9) 571 (26.6) 526 (28.0) 94 (22.5) 0.11 
Diabetes 3104 (50.7) 857 (50.8) 1099 (51.3) 954 (50.9) 194 (46.5) 0.36 
History of amputation 144 (2.4) 42 (2.5) 43 (2.0) 49 (2.6) 10 (2.4) 0.61 
Hyperlipidemia 3654 (59.7) 967 (57.3) 1241 (57.9) 1210 (64.5) 236 (56.6) <.0001 
Hypertension 4338 (70.8) 1245 (73.8) 1494 (69.7) 1327 (70.7) 272 (65.2) 0.002 
Malignancy 1070 (17.5) 326 (19.3) 336 (15.7) 347 (18.5) 61 (14.6) 0.006 
Peripheral vascular disease 1497 (24.4) 394 (23.4) 508 (23.7) 469 (25.0) 126 (30.2) 0.02 
Valvular disease 695 (11.3) 192 (11.4) 222 (10.4) 248 (13.2) 33 (7.9) 0.004 
Prior IRH 1207 (19.7) 331 (19.6) 405 (18.9) 404 (21.5) 67 (16.1) 0.04 
* Mean (IQR)                                                   
** Unknown hand-washing station ratio 
IRH, infection-related hospitalization; IQR, interquartile range 






Mean distance between dialysis station to ABHRD (m) 
p-value All patients <1.5 1.5 to 3 >3 Unknown** 
n=6124 (%) n=1981 (%) n=2034 (%) n=1692 (%) n=417 (%) 
Age (years)* 68.7 (58.2-77.0) 69.3 (58.9-77.3) 68.6 (57.7-76.9) 69.1 (58.4-77.7) 64.9 (53.4-73.7) <.0001 
Sex (female) 2443 (39.9) 782 (39.5) 830 (40.8) 670 (39.6) 161 (38.6) 0.75 
Hospitalization in prior year 3973 (64.9) 1292 (65.2) 1320 (64.9) 1095 (64.7) 266 (63.8) 0.95 
Hemodialysis incidence  3786 (61.8) 1246 (62.9) 1205 (59.2) 1053 (62.2) 282 (67.6) 0.005 
Cardiovascular disease 2940 (48.0) 1009 (50.9) 982 (48.3) 794 (46.9) 155 (37.2) <.0001 
Cerebrovascular disease 429 (7.0) 146 (7.4) 136 (6.7) 123 (7.3) 24 (5.8) 0.59 
Chronic pulmonary disease 1147 (18.7) 373 (18.8) 365 (17.9) 338 (20.0) 71 (17.0) 0.34 
Cirrhosis or chronic liver disease 281 (4.6) 85 (4.3) 96 (4.7) 86 (5.1) 14 (3.4) 0.41 
Congestive heart failure 1662 (27.1) 562 (28.4) 516 (25.4) 490 (29.0) 94 (22.5) 0.007 
Diabetes 3104 (50.7) 1015 (51.2) 1059 (52.1) 836 (49.4) 194 (46.5) 0.12 
History of amputation 144 (2.4) 52 (2.6) 42 (2.1) 40 (2.4) 10 (2.4) 0.71 
Hyperlipidemia 3654 (59.7) 1151 (58.1) 1284 (63.1) 983 (58.1) 236 (56.6) 0.001 
Hypertension 4338 (70.8) 1411 (71.2) 1479 (72.7) 1176 (69.5) 272 (65.2) 0.01 
Malignancy 1070 (17.5) 384 (19.4) 323 (15.9) 302 (17.9) 61 (14.6) 0.01 
Peripheral vascular disease 1497 (24.4) 429 (21.7) 477 (23.5) 465 (27.5) 126 (30.2) <.0001 
Valvular disease 695 (11.3) 217 (11.0) 245 (12.1) 200 (11.8) 33 (7.9) 0.02 
Prior IRH 1207 (19.7) 359 (18.1) 427 (21.0) 354 (20.9) 67 (16.1) 0.09 
* Mean (IQR)                                                   
** Unknown mean distance between dialysis stration to ABHRD 
ABHRD, alcohol-based hand rub dispenser;IRH, infection-related hospitalization; IQR, interquartile range 







p-value All patients <0.8 0.8 to <1.5 ≥1.5 Unknown** 
n=6124 (%) n=1981 (%) n=1877 (%) n=1849 (%) n=417 (%) 
Age (years)* 68.7 (58.2-77.0) 69.3 (59.4-77.3) 67.5 (57.5-76.2) 70.1 (59.5-78.0) 64.9 (53.4-73.7) <.0001 
Sex (female) 2443 (39.9) 777 (39.2) 721 (38.4) 784 (42.4) 161 (38.6) 0.07 
Hospitalization in prior year 3973 (64.9) 1307 (66.0) 1237 (65.9) 1163 (62.9) 266 (63.8) 0.15 
Hemodialysis incidence  3786 (61.8) 1251 (63.2) 1142 (60.8) 1111 (60.1) 282 (67.6) 0.01 
Cardiovascular disease 2940 (48.0) 1068 (53.9) 848 (45.2) 869 (47.0) 155 (37.2) <.0001 
Cerebrovascular disease 429 (7.0) 147 (7.4) 131 (7.0) 127 (6.9) 24 (5.8) 0.66 
Chronic pulmonary disease 1147 (18.7) 365 (18.4) 395 (21.0) 316 (17.1) 71 (17.0) 0.01 
Cirrhosis or chronic liver disease 281 (4.6) 90 (4.5) 103 (5.5) 74 (4.0) 14 (3.4) 0.09 
Congestive heart failure 1662 (27.1) 590 (29.8) 474 (25.3) 504 (27.3) 94 (22.5) 0.002 
Diabetes 3104 (50.7) 1055 (53.3) 908 (48.4) 947 (51.2) 194 (46.5) 0.006 
History of amputation 144 (2.4) 50 (2.5) 45 (2.4) 39 (2.1) 10 (2.4) 0.86 
Hyperlipidemia 3654 (59.7) 1160 (58.6) 1135 (60.5) 1123 (60.7) 236 (56.6) 0.26 
Hypertension 4338 (70.8) 1423 (71.8) 1337 (71.2) 1306 (70.6) 272 (65.2) 0.06 
Malignancy 1070 (17.5) 390 (19.7) 322 (17.2) 297 (16.1) 61 (14.6) 0.008 
Peripheral vascular disease 1497 (24.4) 415 (21.0) 498 (26.5) 458 (24.8) 126 (30.2) <.0001 
Valvular disease 695 (11.3) 216 (10.9) 220 (11.7) 226 (12.2) 33 (7.9) 0.07 
Prior IRH 1207 (19.7) 359 (18.1) 401 (21.4) 380 (20.6) 67 (16.1) 0.01 
* Mean (IQR)                                                   
** Unknown hand-washing station ratio 
ABHRD, alcohol-based hand rub dispenser;IRH, infection-related hospitalization; IQR, interquartile range 




Hand-washing station and ABHRD Results  
A hierarchical mixed effects Cox model was made for each facility-level variable to analyze 
whether they were associated with a greater or lesser risk of IRH (Tables 8 to 11). Given that 
these facility-level variables were stratified based on quartiles, the middle quartile was chosen 
as the reference point for most of the variables due to it being the most conservative reference 
point. We would be less likely to witness significant differences between the different strata, 
but any significant differences found would be more likely to be real. 
For the first model, as shown in Table 8, a mean distance of dialysis station to hand-washing 
station of <4.75m was used as reference. A mean distance of dialysis station to hand-washing 
station of 4.75m to 6m was associated with an increased risk of IRH. However, there was no 
statistically significant association between IRH and a mean distance of dialysis station to 






Mixed Effects Cox Model 
Unadjusted HR Adjusted HR 
HR (95% CI) 
Mean distance of dialysis station to hand-washing station   
  Less than 4.75m (<4.75m) Reference 
  4.75m to 6m 1.33 (1.04, 1.70) 1.30 (1.03, 1.64) 
  More than 6m (>6m) 1.14 (0.91, 1.42) 1.13 (0.92, 1.40) 
  Unknown 1.08 (0.77, 1.52) 1.13 (0.82, 1.58) 
Age (years)  1.00 (1.00, 1.01) 1.00 (1.00, 1.01) 
Sex (female) 0.96 (0.87, 1.05) 0.96 (0.88, 1.06) 
Hemodialysis incidence  1.46 (1.32, 1.61) 1.12(1.01, 1.23) 
Hospitalization in prior year 1.10 (1.00, 1.21) 1.19 (1.07, 1.34) 
Cardiovascular disease 1.27 (1.16, 1.39) 0.99 (0.88, 1.10) 
Cerebrovascular disease 1.49 (1.28, 1.74) 1.18 (1.00, 1.39) 
Chronic pulmonary disease 1.90 (1.71, 2.11) 1.58 (1.41, 1.77) 
Cirrhosis or chronic liver disease 1.44 (1.18, 1.77) 1.18 (0.97, 1.45) 
Congestive heart failure 1.41 (1.27, 1.55) 1.10 (0.98, 1.23) 
Diabetes 1.29 (1.17, 1.41) 1.08 (0.97, 1.19) 
History of amputation 1.80 (1.39, 2.32) 1.38 (1.05, 1.81) 
Hyperlipidemia 1.15 (1.05, 1.27) 1.04 (0.94, 1.15) 
Hypertension 1.26 (1.13, 1.40) 0.90 (0.80, 1.01) 
Malignancy 1.24 (1.10, 1.39) 1.13 (1.00, 1.27) 
Peripheral vascular disease 1.36 (1.23, 1.51) 1.05 (0.93, 1.18) 
Valvular disease 1.24 (1.08, 1.43) 1.00 (0.87, 1.16) 
Prior IRH 1.97 (1.78, 2.19) 1.66 (1.49, 1.85) 
HR, hazard ratio; CI, confidence interval; IRH, infection-related hospitalization 





For the second model, a hand-washing station ratio of 3.15 to 3.75 was used as reference. A 
hand-washing station ratio of <3.15 was associated with a significantly higher risk of IRH. 
However, there was no statistically significant association between a hand-washing station 
ratio of >3.75 and IRH. 
Covariates  
Mixed Effects Cox Model 
Unadjusted HR Adjusted HR 
HR (95% CI) 
Hand-washing station ratio     
Less than 3.15 (<3.15) 1.41 (1.09, 1.81) 1.38 (1.08, 1.58) 
3.15 to 3.75  Reference 
More than 3.75 (>3.75) 1.22 (0.95, 1.57) 1.19 (0.93, 1.51) 
Unknown  1.16 (0.80, 1.68) 1.20 (0.84, 1.72) 
Age (years)  1.00 (1.00, 1.01) 1.00 (1.00, 1.01) 
Sex (female) 0.96 (0.87, 1.05) 0.97 (0.88, 1.06) 
Hemodialysis incidence  1.46 (1.32, 1.61) 1.12 (1.02, 1.24) 
Hospitalization in prior year 1.10 (1.00, 1.21) 1.19 (1.07, 1.34) 
Cardiovascular disease 1.27 (1.16, 1.39) 0.99 (0.89, 1.10) 
Cerebrovascular disease 1.49 (1.28, 1.74) 1.18 (1.00, 1.39) 
Chronic pulmonary disease 1.90 (1.71, 2.11) 1.57 (1.40, 1.76) 
Cirrhosis or chronic liver disease 1.44 (1.18, 1.77) 1.18 (0.96, 1.45) 
Congestive heart failure 1.41 (1.27, 1.55) 1.10 (0.98, 1.23) 
Diabetes 1.29 (1.17, 1.41) 1.08 (0.98, 1.20) 
History of amputation 1.80 (1.39, 2.32) 1.39 (1.06, 1.82) 
Hyperlipidemia 1.15 (1.05, 1.27) 1.04 (0.94, 1.15) 
Hypertension 1.26 (1.13, 1.40) 0.90 (0.80, 1.01) 
Malignancy 1.24 (1.10, 1.39) 1.12 (0.99, 1.26) 
Peripheral vascular disease 1.36 (1.23, 1.51) 1.05 (0.93, 1.18) 
Valvular disease 1.24 (1.08, 1.43) 1.00 (0.86, 1.15) 
Prior IRH 1.97 (1.78, 2.19) 1.67 (1.49, 1.86) 
HR, hazard ratio; CI, confidence interval; IRH, infection-related hospitalization 




For the third model, a mean distance between dialysis station to ABHRD of 1.5 m to 3 m was 
used as reference. There was no statistically significant association between mean distance 
between dialysis station to ABHRD and IRH. 
Covariates  
Mixed Effects Cox Model 
Unadjusted HR Adjusted HR 
HR (95% CI) 
Mean distance between dialysis station to ABHRD   
Less than 1.5m (<1.5m) 1.13 (0.86, 1.49) 1.14 (0.88, 1.48) 
1.5m to 3m Reference 
More than 3m (>3m) 1.14 (0.89, 1.46) 1.13 (0.89, 1.43) 
Unknown  1.04 (0.72, 1.51) 1.10 (0.77, 1.57) 
Age (years)  1.00 (1.00, 1.01) 1.00 (1.00, 1.01) 
Sex (female) 0.96 (0.87, 1.05) 0.97 (0.88, 1.06) 
Hemodialysis incidence  1.46 (1.32, 1.61) 1.12 (1.02, 1.23) 
Hospitalization in prior year 1.10 (1.00, 1.21) 1.19 (1.07, 1.34) 
Cardiovascular disease 1.27 (1.16, 1.39) 0.99 (0.89, 1.10) 
Cerebrovascular disease 1.49 (1.28, 1.74) 1.18 (1.00, 1.39) 
Chronic pulmonary disease 1.90 (1.71, 2.11) 1.58 (1.41, 1.76) 
Cirrhosis or chronic liver disease 1.44 (1.18, 1.77) 1.18 (0.96, 1.45) 
Congestive heart failure 1.41 (1.27, 1.55) 1.10 (0.98, 1.23) 
Diabetes 1.29 (1.17, 1.41) 1.08 (0.98, 1.19) 
History of amputation 1.80 (1.39, 2.32) 1.38 (1.05, 1.81) 
Hyperlipidemia 1.15 (1.05, 1.27) 1.04 (0.94, 1.15) 
Hypertension 1.26 (1.13, 1.40) 0.90 (0.80, 1.01) 
Malignancy 1.24 (1.10, 1.39) 1.12 (1.00, 1.26) 
Peripheral vascular disease 1.36 (1.23, 1.51) 1.05 (0.93, 1.18) 
Valvular disease 1.24 (1.08, 1.43) 1.00 (0.87, 1.16) 
Prior IRH 1.97 (1.78, 2.19) 1.67 (1.49, 1.86) 
HR, hazard ratio; CI, confidence interval; ABHRD, alcohol-based hand rub dispenser; IRH, 
infection-related hospitalization 




For the fourth model, an ABHRD ratio of 0.8 to <1.5 was used as reference. An ABHRD ratio 
of ≥1.5 was associated with a significantly lower risk of IRH. However, there was no 
statistically significant association between an ABHRD ratio of <0.8 and IRH.  
Covariates  
Mixed Effects Cox Model 
Unadjusted HR Adjusted HR 
HR (95% CI) 
ABHRD ratio     
Less than 0.8 (<0.8) 1.00 (0.83, 1.22) 1.02 (0.81, 1.28) 
0.8 to less than 1.5 (0.8 to <1.5) Reference 
1.5 or more (≥1.5) 0.78 (0.64, 0.95) 0.76 (0.60, 0.95) 
Unknown  0.89 (0.67, 1.19) 0.95 (0.68, 1.32) 
Age (years)  1.00 (1.00, 1.01) 1.00 (1.00, 1.01) 
Sex (female) 0.96 (0.87, 1.05) 0.97 (0.88, 1.06) 
Hemodialysis incidence  1.46 (1.32, 1.61) 1.12 (1.02, 1.23) 
Hospitalization in prior year 1.10 (1.00, 1.21) 1.19 (1.07, 1.33) 
Cardiovascular disease 1.27 (1.16, 1.39) 0.99 (0.89, 1.10) 
Cerebrovascular disease 1.49 (1.28, 1.74) 1.18 (1.00, 1.39) 
Chronic pulmonary disease 1.90 (1.71, 2.11) 1.57 (1.40, 1.76) 
Cirrhosis or chronic liver disease 1.44 (1.18, 1.77) 1.18 (0.96, 1.45) 
Congestive heart failure 1.41 (1.27, 1.55) 1.10 (0.98, 1.23) 
Diabetes 1.29 (1.17, 1.41) 1.08 (0.98, 1.20) 
History of amputation 1.80 (1.39, 2.32) 1.38 (1.05, 1.82) 
Hyperlipidemia 1.15 (1.05, 1.27) 1.04 (0.94, 1.15) 
Hypertension 1.26 (1.13, 1.40) 0.90 (0.80, 1.01) 
Malignancy 1.24 (1.10, 1.39) 1.12 (1.00, 1.26) 
Peripheral vascular disease 1.36 (1.23, 1.51) 1.05 (0.93, 1.18) 
Valvular disease 1.24 (1.08, 1.43) 1.00 (0.87, 1.16) 
Prior IRH 1.97 (1.78, 2.19) 1.67 (1.50, 1.87) 
HR, hazard ratio; CI, confidence interval; ABHRD, alcohol-based hand rub dispenser; IRH, infection-
related hospitalization 





A Kaplan-Meier analysis was used to estimate a survival curve for time to first infection-
related hospitalization as well as the patients’ survival rate in each group, stratified based on 
mean distance of dialysis station to the nearest hand-washing station/ABHRD and hand-
washing station/ABHRD ratio. 
Patients in dialysis facilities with a mean distance of dialysis station to the nearest hand-
washing station of <4.75 m had the lowest risk of IRH, followed by those with a mean 
distance of >6 m and then by those with a mean distance of 4.75 m to 6 m, as shown in Figure 
5. Patients with an unknown mean distance of dialysis station to the nearest hand-washing 
station had an IRH risk that was somewhat similar to patients with a mean distance of >6 m. A 
log-rank test was done to determine if the curves were different from each other, resulting in a 






Figure 5. Unadjusted IRH-free Kaplan-Meier curves stratified by mean 
distance of dialysis station to hand-washing station (IRH, infection-related 
hospitalization) 
Patients in dialysis facilities with a hand-washing station ratio of 3.15 to 3.75 had the lowest 
risk of IRH, followed by those with a hand-washing station ratio of over 3.75 and less than 
3.15, as shown in Figure 6. The Kaplan-Meier curves for these two groups appears to be very 
similar. Patients with an unknown hand-washing station ratio seem to have an IRH risk 
somewhere in between. As before, the log rank test resulted in a p-value of < 0.0001, 




Figure 6. Unadjusted IRH-free Kaplan-Meier curves stratified by hand-




Patients in dialysis facilities with a mean distance of dialysis station to ABHRD of 1.5 m to 3 
m had the lowest risk of developing an IRH, followed by those with a mean distance of 
dialysis station to ABHRD of >3 m and those with a mean distance of <1.5 m. The risk of 
developing IRH seems to be similar for patients with a mean distance of dialysis station to 
ABHRD of >3 m or <1.5 m. As before, a log rank was done to test if the Kaplan-Meier curves 
were significantly different from each other, resulting in a p-value of 0.002. 
 
Figure 7. Unadjusted IRH-free Kaplan-Meier curves stratified by mean 




Patients with an ABHRD ratio of ≥1.5 had the lowest risk of developing an IRH, followed by 
those with an ABHRD ratio of <0.8 or 0.8 to <1.5. The risk of developing an IRH appears to 
be similar for patients in these two groups, as their Kaplan-Meier curves are almost identical. 
Patients with an unknown ABHRD ratio seem to be somewhere in the middle in terms of IRH 
risk. A log-rank test was performed, resulting in a p-value of <0.0001, indicating that the 
curves are significantly different from each other.   
 
Figure 8. Unadjusted IRH-free Kaplan-Meier curves stratified by ABHRD 





Multiple sensitivity analyses were done to test the robustness of our results, as shown in Table 
12. The first sensitivity analysis was done with the largest facility excluded. The second 
sensitivity analysis excluded prevalent patients. The third sensitivity analysis excluded 
patients with follow-up in two or more facilities (i.e. the patients who switched dialysis facility 
at least once during the course of their follow-up.) The fourth sensitivity analysis included 
steroids in the mixed effects Cox model, excluding all patients without RAMQ’s drug 
insurance plan (and thus, anyone with a missing value for steroids).  
The results for the sensibility analyses for mean distance of dialysis station to hand-washing 
station were somewhat similar to those of the main analysis. However, if the largest facility or 
prevalent patients were excluded, the association between IRH and a mean distance of 4.75 m 
to 6 m was no longer statistically significant. 
For hand-washing station ratio, the results were very similar to those in the main analysis if 
prevalent patients were excluded. However, the association between IRH and a hand-washing 
station ratio of <3.15 was no longer statistically significant if the largest facility or patients 
with follow-up in 2 or more facilities were excluded. 
The results of the sensitivity analyses for mean distance of dialysis station to ABHRD were 
very similar to the main analysis, and the interpretations remained the same.  
However, there were some differences between the results of the main analysis and the 
sensitivity analysis for ABHRD ratio. An ABHRD ratio of ≥1.5 was no longer associated with 
a reduced risk of IRH if the largest facility was excluded or if patients with follow-up in 2 or 
more facilities were excluded. 
The results of the sensitivity analysis for steroid use were very similar to the those of the main 
analysis for all of the facility-level variables. In all cases, the interpretation of the results 
remains the same regardless if steroids are added to the model.  
It should be noted that there is no HR for patients with ‘unknown’ facility-level variables in 
the third sensitivity analysis simply because there were no patients in that category. Patients 
were only included in this study if they have a period of follow-up in a participating dialysis 
facility. However, in order to end up in the ‘unknown’ category, they must switch facilities 
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Adjusted Mixed Effects Cox Model  












Steroids (n= 4793) 
HR (95%CI) 
Mean distance of washing station          
  Less than 4.75m (<4.75m) Reference 
  4.75 to 6m 1.30 (1.03, 1.64) 1.14 (1.00, 1.31) 1.32 (0.98, 1.77) 1.61 (1.22, 2.12) 1.32 (1.03, 1.69) 
  More than 6m (>6m) 1.13 (0.92, 1.40) 1.03 (0.91, 1.16) 1.04 (0.80, 1.36) 1.2 (0.95, 1.54) 1.18 (0.94, 1.48) 
  Unknown  1.13 (0.82, 1.58) 0.99 (0.81, 1.20) 1.18 (0.79, 1.76)   1.14 (0.79, 1.63) 
Hand-washing station ratio   
Less than 3.15 (<3.15) 1.38 (1.08, 1.76) 1.10 (0.95, 1.26) 1.48 (1.08, 2.02) 1.28 (0.94 1.75) 1.36 (1.06, 1.75) 
3.15 to 3.75 Reference 
More than 3.75 (>3.75) 1.19 (0.93, 1.51) 1.01 (0.88, 1.15)  1.34 (0.99, 1.83) 1.13 (0.83, 1.53) 1.18 (0.92, 1.51) 
Unknown  1.20 (0.84, 1.72) 0.97 (0.79, 1.20) 1.39 (0.89, 2.16)   1.17 (0.80, 1.71) 
Mean distance of dialysis station to 
ABHRD   
Less than 1.5m (<1.5m) 1.14 (0.88, 1.48) 1.01 (0.89, 1.14) 1.12 (0.82, 1.53) 1.17 (0.84 1.63) 1.16 (0.89, 1.52) 
1.5m to 3m Reference 
More than 3m (>3m) 1.13 (0.89, 1.43) 0.97 (0.85, 1.10)  1.11 (0.83, 1.48) 1.02 (0.75, 1.38) 1.14 (0.90, 1.46) 
Unknown  1.10 (0.77, 1.57) 0.93 (0.77, 1.13) 1.17 (0.76, 1.78)   1.09 (0.74, 1.60) 
ABHRD ratio   
Less than 0.8 (<0.8) 1.02 (0.81, 1.28) 1.03 (0.92, 1.15) 0.92 (0.68, 1.24) 1.15 (0.86, 1.54) 1.07 (0.85, 1.35) 
0.8 to <1.5 Reference 
1.5 or more (≥1.5) 0.76 (0.60, 0.95) 0.94 (0.82, 1.07)  0.70 (0.52, 0.94) 0.85 (0.63, 1.13) 0.77 (0.61, 0.97) 
Unknown  0.95 (0.68, 1.32) 0.93 (0.77, 1.13) 0.97 (0.64, 1.47)   0.94 (0.66, 1.34) 
HR, hazard ratio; CI, confidence interval; ABHRD, alcohol-based hand rub dispenser 




If a Kaplan Meier is done while excluding patients from largest facility, the Kaplan Meier 
curves become more similar to each other, as shown in Figures 9 to 12. For mean distance of 
dialysis station to hand-washing station (shown in Figure 9), the associations remained 
relatively similar compared to the those shown in Figure 5 in the main analysis, but they were 
much less pronounced. A log rank test was done, resulting in a p-value of 0.041, indicating 
that the curves were significantly different from each other. 
 
Figure 9. Sensitivity Analysis: Unadjusted IRH-free Kaplan-Meier curves 





For the other three facility-level variables (hand-washing station ratio, mean distance of 
dialysis station to ABHRD and ABHRD ratio), the results changed dramatically once the 
largest facility was excluded from the cohort (shown in Figures 10 to 12). In the main analysis, 
the Kaplan-Meier curves were significantly different from each other, but in the sensitivity 
analyses, the Kaplan-Meier curves were no longer significantly different from each other. This 
implies that the largest facility may have been pulling on our results, and if it is excluded, 
there is no association between these facility-level variables and risk of suffering an IRH. 
 
Figure 10. Sensitivity Analysis: Unadjusted IRH-free Kaplan-Meier curves 





Figure 11. Sensitivity Analysis: Unadjusted IRH-free Kaplan-Meier curves 






Figure 12. Sensitivity Analysis: Unadjusted IRH-free Kaplan-Meier curves 





Summary of Results 
Our results show that the association between mean distance of dialysis station to hand-
washing station/ABHRD and hand-washing/ABHRD ratio to IRH is complex. There may be a 
non-monotonic association between IRH and these facility-level variables, but their 
association is unclear.  
The overall IRH incidence across all participating facilities was 0.193 IRH per patient year 
(95%CI: 0.187, 0.200). There was a substantial variation in IRH rates between facilities in this 
study. However, this variation in IRH depending on the facility cannot be explained by the 
mean distance of dialysis station to hand-washing station/ABHRD and hand-washing/ABHRD 
ratio. There is likely something else that influences the IRH rates across different facilities. 
A mean distance of dialysis station to hand-washing station of 4.75 m to 6 m was significantly 
associated with an increased risk of IRH, but there was no association between a mean 
distance of dialysis station to hand-washing station of >6 m and IRH. Likewise, a hand-
washing station ratio of <3.15 was significantly associated with an increased risk of IRH, but a 
ratio of >3.75 was not significantly associated with an increased or decreased risk of IRH. 
Depending on what patients are excluded in the sensitivity analyses, these associations may 
disappear entirely. 
There was no association between mean distance of dialysis station to the nearest ABHRD and 
IRH. Patients with an ABHRD ratio of ≥1.5 had a significantly lower risk of IRH. However, 
the association between ABHRD ratio and IRH did disappear depending on what sensitivity 
analysis was done.  
Interpretation 
There is little literature that examines the association between sink location or bed to sink ratio 
and hand-washing compliance. There are no studies we are aware of that directly examine the 
association of sink location or bed to sink ratio to infection rates, although it is known that 
increasing hand-washing compliance reduces infection transmission.266-268  
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Cloutman-Green et al.279 found that sinks in more visible locations were used more frequently 
by staff in 3 pediatric intensive care units. Zellmer et al.276 had similar results: placement of 2 
additional sinks in highly visible locations increased hand-washing compliance in a surgical 
transplant unit. Deyneko et al.277 found that hand-washing compliance was reduced when the 
sink was too far away, when health-care workers had to make 2 or more 90° turns to reach the 
sink and if the sink was not in direct line of sight from the patient room. Kaplan et al.278 
compared two ICUs, one with a bed to sink ratio of 4:1 and another with a bed to sink ratio of 
1:1. Nurses in the ICU with a bed to sink ratio of 1:1 had a significantly greater number of 
hand-washes compared to those in the ICU with a bed to sink ratio of 4:1.   
In our study, there was no way to measure visibility or convenience objectively. Thus, 
distance from dialysis station to the nearest hand-washing station was used as a proxy for 
visibility and convenience. Hand-washing station ratio in our study also corresponds to bed to 
sink ratio in these studies.  
Our results do not support theirs, although it is unclear if this is due to differences in study 
setting or population or possibly due to the weaker link between hand-washing compliance 
and hand-washing station number or location in the hemodialysis population. 
Notably, Whitby et al.280 examined the association between hand-washing compliance and 
sink accessibility in a rebuilt and relocated tertiary hospital. The new hospital design ensured 
that staff were no more than 5 m away from a sink for their clinical duties. Unlike the previous 
studies, Whitby et al. observed multiple wards, not just the ICU, and found that improved sink 
accessibility did not improve hand-washing compliance.  
There are also articles devoted to the association between dispenser location or bed to 
dispenser ratio and hand-washing compliance. For most part, the results are similar to those 
found with sink location or bed to sink ratio in that increasing dispenser availability or putting 
dispensers in convenient locations usually increases hand-washing compliance.  
Various studies have tested how the availability of ABHRD impacts hand-washing 
compliance. Bischoff et al.281 found that compliance increased when there was a bed to 
dispenser ratio of 1:1 compared with a bed to dispenser ratio of 4:1. Haas et al.282 tested 
whether availability of a personal wearable alcohol hand sanitizer dispenser increased 
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compliance. While the intervention did initially increase compliance, the improvement was 
not sustained long-term. Likewise, Giannitsioti et al.283 performed a similar study, this time 
testing if a bed rail system of ABHR antiseptics increased compliance. Their results were 
similar to those of Haas et al. They observed that there was an increase in compliance during 
the first intervention period but the improvement was not sustained. These studies show that 
while increased availability of ABHRDs may increase compliance in the short term, they may 
not be associated with increased compliance in the long term. 
ABHRD location has been linked to compliance in other studies. Birnbach et al.274 found that 
compliance increased when dispensers were placed in a more convenient location (i.e. in clear 
view of the physician). Likewise, Boog et al.284 and Thomas et al.275 found that compliance 
increased when dispensers were placed in ‘conspicuous locations.’ In the case of the latter 
study, the dispensers in ‘conspicuous locations’ were placed immediately proximate to the 
patients’ beds. In the case of the former study, Boog et al. studied which locations were 
associated with the highest compliance based on feedback of healthcare workers. In general, 
healthcare workers preferred dispensers that were within their line of sight, on the workflow 
route, near the sink, patient or computer, not in a route obstructed by people or objects or in a 
familiar location.  
As with the hand-washing station analysis, mean distance of dialysis station to nearest 
ABHRD and ABHRD ratio were used as proxies for convenience and availability 
respectively. However, our study analyzed IRH risk, not hand-washing compliance. While 
there is a well-known link between hand-washing compliance and infection transmission in 
the general healthcare setting,266-269 it is unclear how the two are linked in the hemodialysis 
patient population. It is possible that there is a link, given that hemodialysis patients are 
particularly prone to infection, as they have impaired immune systems and are reliant on 
vascular access for hemodialysis. 
However, our results show that there is a non-monotonic association between IRH rates and 
mean distance of dialysis station to the nearest hand-washing station/ABHRD and hand-
washing station/ABHRD ratio. Depending on the sensitivity analysis done, there may be no 
association between them at all. It is also likely that there may be other factors (or a 
combination of factors) that influence the IRH rates in the dialysis population besides these 
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facility level variables. Elucidating the exact association between hand hygiene compliance, 
ABHRD and hand-washing availability and location and IRH rates would require more 
detailed studies. 
Strengths and Weaknesses of this study 
The strengths of our study include its large sample size and high statistical power. It includes 
21 dialysis facilities across Quebec and linked data from RAMQ and Med-Echo. Most dialysis 
facilities in Quebec have agreed to participate in this study and many patients rely on RAMQ 
as their source of healthcare insurance, thus allowing us to include most dialysis patients in 
Quebec.  
Also, our study includes a combination of existing data and new variables measured at each 
participating dialysis facility not included in most databases. In this case, these variables are 
the mean distance of the hand-washing station or ABHRD to the nearest dialysis station and 
hand-washing station/ABHRD ratio.  
However, our study also has considerable limitations, mostly due to its nature as an 
observational study. This means that we can only find associations between different 
variables, not causality, as well as the presence of selection bias, information bias and 
confounding variables that remain unaccounted for despite our best efforts. 
IRH rates vary considerably across different facility. Despite including most dialysis patients 
in Quebec, not including all facilities in Quebec (especially the larger facilities) may have 
affected our results.  
One source of information bias is the fact that we analyzed the mean distance of dialysis 
station to the nearest hand-washing station/ABHRD. The larger dialysis facilities have 
multiple rooms devoted to hemodialysis sessions and thus, the mean distance of dialysis 
station to the nearest hand-washing station/ABHRD could vary even within the same dialysis 
facility depending on the room.  
Our measurements for the hand-washing station and ABHRD-related variables were also quite 
homogenous, with ABHRD variables being the most homogenous. For example, the ABHRD 
ratio varied between about 0.6 to 3 and the mean distance of dialysis station to nearest 
ABHRD varied between 0.9 m to 4.6 m. As a result, it is hard to tell if the availability and 
placement of hand-washing stations and ABHRDs truly affect the incidence of IRH in the 
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context of this study. It is possible that a significantly increased incidence of IRH will only 
appear at much higher values.    
Another limitation is that we were unfortunately unable to access data from the Canadian 
Organ Replacement Register (CORR). CORR is a national information system for organ 
replacement therapies whose mandate is to record, analyze and report on vital organ 
transplantation and renal dialysis in Canada. It is notable for offering data that is normally not 
available in provincial administrative databases, such as the patient’s type of vascular access 
and their laboratory results (such as serum albumin, hemoglobin, creatinine, among others). 
As a result, we could not adjust for these possible risk factors due to the lack of data. Their 
association with infection has been examined in many studies. 
For example, many studies have shown that a patient’s vascular access has a considerable 
impact on their risk of suffering an infection, with patients using a CVC being the most 
vulnerable.23-27 While the vast majority of studies agree that a patient’s risk of infection is 
impacted by the type of vascular access they use, results concerning laboratory results are less 
clear.  
For example, one study showed that higher phosphorous levels were associated with increased 
risk of IRH, but the same was not true for albumin, eGFR, urea or hemoglobin.242 In contrast, 
other studies have suggested that a low albumin increased the risk of septicemia among 
dialysis patients 209, was associated with higher infection severity208, 255 and was associated 
with a higher risk of infection-related events (in older patients).256  
Lower eGFR (used to measure kidney function) have been associated with a higher risk of 
IRH 257 and bloodstream infections in older patients with CKD.258 Two other studies found 
that lower serum creatinine, albumin or BMI are associated with higher mortality.259, 260 
Hemoglobin’s association with infection is unclear. On one hand, lower hemoglobin has been 
associated with increased risk of bacteremia261 and vascular access infection.262 On the other 
hand, other studies have found a non-monotonic256 or non-existent263 association between 
hemoglobin and infection in hemodialysis patients.  
Also, information relating to S. aureus nasal carriers and what vaccinations, topical antibiotics 
or antibiotic locks were administered to participating hemodialysis patients was not available 
in either the RAMQ or Med-Echo databases used in this study. While the literature does 
indicate that there is an association between poor hand hygiene and access-related 
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infection,187, 285-287 we do not have the data to study this association. As a result, we could not 
adjust for these variables in our analyses. 
It should be noted that we use various administrative codes in our analysis, rather than patient 
files. These codes within the RAMQ and Med-Echo databases were used to determine the 
patients’ dialysis modality (and whether they were chronic hemodialysis patients), if they 
suffered an IRH (and what type) and their comorbidities. Only codes that have been written 
down and imputed into these databases are known to us, and thus the sensitivity and the 
specificity of data is not perfect. There are also other limitations. These codes do not mention 
the severity of the disease and infections that do not require hospitalization. As a result, some 
residual confounders may be present in our study. 
Also, in the case of prevalent patients, we cannot tell if their comorbidities are risk factors or a 
consequence of hemodialysis. Some comorbidities can even be both causes and consequences 





The goal of this study was to elucidate the association between distance of dialysis station to 
nearest hand-washing station/ABHRD and hand-washing station/ABHRD ratio and IRH rates 
in the chronic hemodialysis patient population. Our analysis was based on data collected at 
various participating hemodialysis units and linked data from RAMQ and Med-Echo. It allows 
us to conclude that the association between these facility-level variables and IRH rates is 
unclear, especially as our results seem to be change after certain sensitivity analyses are done.  
It is likely that there is something else that influences IRH rates besides the facility-level 
variables studied. More studies would be required to determine what factors are responsible 





Our study aimed to elucidate the association between various facility-level variables (patient 
to nurse ratio, distance of dialysis station to nearest hand-washing station/ABHRD and hand-
washing station/ABHRD ratio) and risk of IRH in the hemodialysis patient population. Linked 
data from the RAMQ and Med-Echo allowed us to adjust for multiple confounding variables, 
although there may still be some residual confounders due to the limitations of these 
databases.  
However, our results in all cases were non-monotonic and did not depict a clear association 
between these facility-level variables and risk of IRH. If the largest facility was excluded from 
the cohort, these non-monotonic associations disappeared entirely.  
This was most likely because some facilities in our studies had facility-level variables that 
would be considered ‘disadvantageous’ in terms of preventing IRH (for example, high patient 
to nurse ratio, high hand-washing station/ABHRD ratio, etc.) and yet had low IRH rates. It 
indicates that that there is something else that influences IRH rates across facilities besides the 
facility-level variables analyzed in this study.  
It is also possible that there could be an interaction between hand hygiene adherence, distance 
between sinks/ABHRDs and patient to nurse ratio. However, we were unable to directly study 
hand hygiene adherence due to lack of data. Hand hygiene adherence was not evaluated during 
our visits to participating facilities, and the RAMQ and Med-Echo did not have data relating to 
hand hygiene adherence.  
Thus, elucidating the relationship between hand hygiene adherence, distance between 
sinks/ABHRDs and patient to nurse ratio would require additional studies. More studies would 
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Appendix I: ICD-9, ICD-10, RAMQ codes 
 
Table of codes used to construct cohort of hemodialysis patients 
Hospital discharge diagnoses V451, V560, V568, V569, E8791, E8702, 
related to dialysis (Med-Echo) E8712, E8722, E8742, Z490, Z491, Z492, 
 Z992, Y602, Y612, Y622 
  
Hospital procedure codes  5195, 6698, 1PZ21 
related to dialysis (Med-Echo)  
  
RAMQ billing codes  00283-00290, 00147, 09259, 09260,  
(related to dialysis) 09261, 09274, 09275, 09216, 09217, 
 09218, 09219, 09262, 09279, 09263, 
 09264, 09291, 09382, 09383, 15035, 
 15036, 15040, 15041, 15042, 15043 
 15044, 15045, 15046, 15047, 15048 
 15050, 15051 






Definition ICD-9 codes ICD-10 codes RAMQ procedure codes 
Arrhythmia 427.0,427.1,427.2, 
427.3, 427.4, 427.81 
I47.2,I48.x ,I47.0, 
I47.1, I47.9, I49.0, 
I49.5 
00631, 00632, 00662,  
09302, 
Cardiovascular disease 410.xx (except 410.x2), 
411.xx, (except 411.0), 
412.xx, 413.0, 413.9, 
414.xx (except 414.1)  
I21.x,I24.x (except 
I24.1), I25.x, I20.0, 
I20.9, I25.x (except 
I25.3 and I25.4) 
09303, 04601-04606, 
04860-04865 






I64.x, I66.x, I69.x, 
I73.x, I63.3-I63.9, 







Chronic kidney disease 581.0-581.2, 581.81, 
582.xx, 583.xx, 585.xx-
587.xx, 403.x1, 404.x2, 




N05.x, N01.x, N14.x, 
N08.x, N03.x, N29.0, 
N16.3, N18.x,N19.x, 
N26.x, I12.x, I13.x, 
N13.0,  N13.1, N13.5, 





492.xx, 493.xx, 496.xx J43.x, J45.x, J44.x   
Chronic liver disease 070.xx, 571.xx, 572.2, 
572.3, 572.4, 572.8 
B15.x -B19.x, K70.x, 
K73.x, K74.x, K76.0, 
B15.0 ,B16.0, B16.2, 
B19.0, K76.6, K76.7, 
K70.4, K72.9, K77.8, 
K72.1 
  
Congestive heart failure 428.xx, 402.01, 402.11, 
402.91, 404.01, 404.11, 
404.91, 404.03, 404.13, 
404.93 
I50.x I11+I50, I13+I50   





Hyperlipidemia 272.0-272.4x E78.0-E78.5   
Hypertension 401-405.xx, 437.2, 
997.91 


































Definition ICD-9 codes ICD-10 codes 
Infection (all) 001-134C3:D38, 136, 139, 254.1, 
320-326, 331.81, 362, 372.0-372.3, 
373.0-373.2, 382, 383.0, 386.33, 
386.35, 388.60, 390-392, 
421.0,421.1, 422.0, 422.91-422.93, 
449, 460-466, 472-473, 474.0, 475, 
476.0-476.1, 478.21-478.22, 478.24, 
478.29, 480-488, 490, 491.1, 494, 
510, 511.0-511.1, 513, 518.6, 
519.01, 519.2,522.5, 522.7, 527.3, 
528.3, 540-542, 562.01, 562.03, 
562.10, 562.13, 566-567, 569.5, 
572.0-572.1, 573.1-573.3, 575.0-
575.1, 590, 595.0-595.4, 597, 598.0, 
599.0, 601, 603.1, 604, 607.1-607.2, 
608.0, 608.4, 611.0, 614-615, 616.0-
616.1, 616.3-616.4, 616.8, 639.0, 
646.6, 647, 670, 675, 680-686, 
695.81, 706.0, 711, 727.89, 728.0, 
730.0-730.3, 730.8-730.9, 780.60, 
785.52, 790.7-790.8, 958.3, 996.6, 
997.62, 998.5, 999.3 
A00-A32, A34-A99, B00-B89, B95-B97, B99, 
D73.3, E32.1, G00-G02, G04.0, G04.2, G05-
G09, G53.1, G63.0, G73.4, G93.7, G94.0, H00, 
H01.0, H03, H05.0, H06.1, H10.0, H10.2-
H10.5, H10.8 -H10.9, H13.0-H13.2, H19.0-
H19.2, H22.0, H32.0, H44.0, H60, H62.0-
H62.4, H66, H67.0-H67.1, H70.0, H75.0, 
H83.0, H92.1, H94.0, I00-I02, I30.1, I32.0-
I32.1, I33.0, I39, I40.0, I41.0-I41.2, I43.0, 
I52.0- I52.1, I68.1, I79, I98.0-I98.2, I98.8, J00-
J06, J09-J22, J31-J32, J34.0, J35.0, J36-J37, 
J39.0-J39.1, J40, J41.1, J44.0, J47, J65, J85-
J86, K04.6-K04.7, K11.3, K12.2, K23.0, K35-
K37, K57.0, K57.2, K57.4, K57.8, K61, K63.0, 
K65.0, K65.9, K67, K75.0, K77.0, K81, L00-
L08, L30.3, L70.2,M00-M01, M03, M46.2-
M46.5, M49.0-M49.3, M60.0, M63.0-M63.2, 
M65.0-M65.1, M68.0, M71.0-M71.1, M86,  
M90.0-M90.2, N08.0, N10, N11.0-N11.1, 
N11.8, N12, N13.6, N15.1, N16.0, N29.0-
N29.1, N30.0-N30.3, N33-N34, N35.1, N39.0, 
N41, N43.1, N45, N48.1-N48.2, N49, N51, 
N61, N70-N74, N75.1, N76.0-N76.4, N77.0-
N77.1, N98.0, O03.0, O03.5, O04.0, O04.5, 
O05.5, O08.0, O23, O85, O86, O91, O05.0, 
O98, R00, R01, R02, R50.8, R50.9, R57.2, 
T79.3, T80.2, T81.4, T82.6, T82.7, T83.5-
T83.6, T84.5-T84.7, T85.7, T87.4, T88.0  
Abdominal 001-003.0, 003.8-006.3, 007-009, 
014, 032.83, 039.2, 070, 098.86, 
112.85, 540-542, 569.5, 572-572.1, 
573.1-573.3 
A00-A02.0, A02.8, A02.9, A03-A06.4, A07-
A09, A18.3, A42.1, B15-B19, B37.8, K35-
K37, K57.0, K57.2, K57.4, K57.8, K63.0, 
K67.1, K75.0, K77.0 
Dialysis-related 567, 996.62, 996.68 T82.7, K65.0, K65.9 
Genitourinary 016, 032.84, 054.1, 098.0–098.3, 
112.1–112.2, 590, 595.0–595.4, 597, 
598.0, 599.0, 601, 603,1, 604, 
607.1–607.2, 608.0, 608.4, 614–
616.1, 616.3–616.4, 616.8, 996.64 
A18.1, A60.0, A54.0-A54.2, B37.3-B37.4, 
N10, N11.0-N11.1, N11.8, N12, N30.0-N30.3, 
N33, N34, N35.1, N39.0, N41, N43.1, N45, 
N48.1-N48.2, N49, N51, N70-N74, N75.1, 
N76.0-N76.4, N77.0-N77.1, T83.5-T83.6 
Musculoskeletal 015, 098.5, 711, 727.89, 728.0, 730-
730.3, 730.8-730.9, 996.66-996.67 
A18.0, A54.4, M00-M01, M03,  M46.2-M46.5, 
M49.0-M49.3, M60.0, M63.0-M63.2, M65.0-








Septicemia 003.1, 022.3, 036.2, 038, 054.5, 
112.5, 790.7, 785.52  
A40 -A41, O85, A02.1, A22.7, A26.7, A32.7, 
A39.2, A39.3-A39.4, A42.7, B37.7, R57.2 
Skin 006.6, 017.0, 031.1, 032.85, 039.0, 
054.0, 103, 110–111, 112.3, 116.2, 
680–686.9, 706.0 
A06.7, A18.4, A31.1, A36.3, A43.1, A44.1, 
A67, B00.0, B00.1, B35, B36, B37.2, B38.3, 
B40.3, B43.0, B45.2, B46.3,  B48.0, L00-L08, 
L30.3, L70.2 
Other All infection codes not included in 
abdominal, dialysis-related, 
genitourinary, musculoskeletal, 
pneumonia, septicemia or skin 
All infection codes not included in abdominal, 
dialysis-related, genitourinary, 
musculoskeletal, pneumonia, septicemia or 
skin. 
 
Table 15. Codes used to determine IRH 
 
